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Some  of  the  current  sources  are  the  Depart- 
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how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
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end. 
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significant  distance  from  the  endwalls.  Therefore,  a 
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NPO-15479/TN    "~"      " 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext. 241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agriculture  &  Food 

0001  From  the  Flow  Garden,  Natural  Insect  Resistance 

0002  Zinc  Helps  Keep  Fruits  Fresh  (Licensing  Opportunity) 

Computers 

0003  Algorithms  for  Efficient  use  of  Multiprocessor 
Hardware 

0004  Balanced-Load  Real-Time  Multiprocessor  System — 
Modularity  and  parallelism  provide  tolerance  to  faults 
and  high  throughput  capacity.  (Licensing  Opportu- 
nity) 

0005  Optical  Processing  with  Photorefractive  Semiconduc- 
tors— Advantages  include  high  speed  and  compatibil- 
ity with  other  semiconductor  devices.  (Licensing 
Opportunity) 

Software 

0006  ATAM — Automated  Trade  Assessment  Modeling — 
Figures  of  merit  are  generated  for  comparisons  of 
proposed  Space-Station  data-management  systems. 

0007  Nonlinear  Curve-Fitting  Program — A  nonlinear 
optimization  algorithm  helps  in  finding  the  best-fit 
curve. 

Testing  &  Instrumentation 

0008  Data-Processing  System  for  Test  Airplane — Real- 
time display  of  data  on  performance  supports 
decisions  regarding  maneuvers.  (Licensing  Opportu- 
nity) 

0009  General-Purpose  Electronic  System  Tests  Aircraft- 
Versatile  digital  equipment  supports  research, 
development,  and  maintenance. 

Electrotechnology 

0010  Improving  Purity  of  Diode  Lasers 

001 1  Adjusting  Surfaces  of  Large  Antenna  Reflectors — A 
new  approach  is  more  effective  than  the  traditional 
rms-surface-distortion  approach.  (Licensing  Opportu- 
nity) 

001 2  Assessment  of  Digital  Control  for  Helicopters— Digital 
flight  controls  are  essential  for  high  performance  in 
advanced  military  rotorcraft. 

0013  Correction  and  Use  of  Jitter  in  Television  Images — 
Suppression  of  vibrations  and  measurements  of 
depth  are  among  potential  uses. 

0014  Efficient  Cavity-Dumped,  Frequency-Doubled 
Nd:YAG  Laser — Undoubled  light  is  returned  to  the 
primary  cavity.  (Licensing  Opportunity) 

0015  Etalons  Help  Select  Modes  of  Laser  Diodes — 
Stability  under  changes  of  temperature  and  current  is 
increased. 


0016  Field-Sequential  Color  Converter — Size,  weight,  and 
power  consumption  are  reduced. 

0017  Generalized  Multiple-Tressis-Coded  Modulation — 
Performance  exceeds  that  of  conventional  trellis- 
coded modulation.  (Licensing  Opportunity) 

0018  Four-Mode  Squeezing  for  Optical  Communications — 
Quantum  noise  and  vulnerability  to  nonquantum 
noise  can  be  reduced.  (Licensing  Opportunity) 

0019  Hybrid  Analog/Digital  Receiver — Intermediate- 
frequency  signals  are  processed  directly  by  digital 
means.  (Licensing  Opportunity) 

0020  Multichannel,  Active  Low-Pass  Filters — Multichannel 
integrated  circuits  are  cascaded  to  obtain  matched 
characteristics.  (Licensing  Opportunity) 

0021  Monolithic  Microwave  Switching  Matrix — A  packaged 
circuit  chip  switches  with  little  crosstalk  and  can  be 
stacked  with  others. 

0022  Multiple-Baseline  Interferometric  Synthetic-Aperature 
Radar — Performances  of  spaceborne  systems  and 
effects  of  phase  errors  are  discussed. 

0023  Pulse-Population  Modulation  for  Induction  Ma- 
chines— Low-frequency  waveforms  are  synthesized 
as  needed  from  a  high-frequency  power  supply. 
(Licensing  Opportunity) 

0024  Radar  Polarimeter  Measures  Orientations  of  Retrore- 
flectors — Polarization  signatures  of  targets  are  to  be 
compared  with  known  signatures  at  known  angles. 

0025  Range  Filtering  for  Navigation  by  Satellite — Less 
processing  and  storage  of  data  are  needed. 

0026  Relationship  Between  Latchup  and  Transistor 
Current  Gain — A  commonly  stated  condition  on  the 
sum  of  as  is  found  to  be  erroneous. 

0027  Spatial  Modulation  of  Light  in  GaAS — An  image  is 
transferred  from  one  beam  of  light  to  another. 
(Licensing  Opportunity) 

0028  Synchronous  Half-Wave  Rectifier — An  active  circuit 
acts  like  a  highly  efficient  diode. 

Testing  &  Instrumentation 

0029  Hotspot  Endurance  of  Solar-Cell  Modules— A 
procedure  for  evaluating  modules  for  use  with 
concentrators  is  now  available. 

0030  Twisted  Pair  of  Insulated  Wires  Senses  Moisture — 
Sensitivity  to  low  levels  of  moisture  is  increased. 
(Licensing  Opportunity) 

Energy 

0031  Documentation  for  Residential  Reference  House 
Energy  Demand  Model 

0032  Wood-Burning  Retrofit  Saves  Fuel  at  an  Oil-Fired 
Steam  Plant 
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Energy  (Cont.) 

0033  Encapsulants  and  Corrosion  in  Photovoltaic  Mod- 
ules— Experiments  and  computer  simulations  give 
insights  and  point  the  way  to  further  study. 

0034  Prediction  of  Critical  Crack  Sizes  in  Solar  Cells — 
Cracks  on  edges  are  more  critical  than  are  those  on 
the  broad  surfaces. 

Software 

0035  Enhanced  Computer  Program  for  Modeling  Absorp- 
tion Heat  Pump  Systems 

0036  Tracing  Rays  in  a  Solar  Power  System — The  optical 
behavior  of  an  offset  paraboloidal  collector  and 
receiver  is  computed. 

Other  Items  of  Interest 

0029  Hotspot  Endurance  of  Solar-Cell  Modules — A 
procedure  for  evaluating  modules  for  use  with 
concentrators  is  now  available. 

Engineering 

0037  Choosing  Blasthole  Delay  Times  for  Optimum 
Fragmentation  in  Surface  Mine  Blasting 

0038  Dust  Agglomerator  for  Surface  Coal  Mine  Drills 

0039  Procedures  for  Designing  In  Situ  Leach  Mines  for 
Copper 

0040  Predriven  Recovery  Rooms  Reduce  Longwall 
Equipment  Transfer  Time 

0041  All-Metal  Reentrant  Vacuum  Feedthrough 

0042  Disengagement  Lock  for  PaR  Manipulator  Hand 
(Licensing  Opportunity) 

0043  Enclosed  Rotary  Disc  Air  Pulser  (Licensing  Opportu- 
nity) 

0044  Vibrating  Beam  with  Spatially  Periodic  Stiffness — 
Vibrational  modes  are  analyzed  via  a  perturbation 
expansion. 

0045  Transpiration  and  Regenerative  Cooling  of  Rocket 
Engine — Transpiration  cooling  extends  the  limits  of 
performance. 

0046  Three-Position  Cryogenic  Actuator — The  position  is 
selected  by  selecting  the  applied  pressure.  (Licens- 
ing Opportunity) 

0047  Survey  of  Wind  Tunnels  at  Langley  Research 
Center — Capabilities  and  recent  and  planned 
improvements  are  described. 

0048  Calculating  Obscuration  Ratios  of  Contaminated 
Surfaces — Equations  for  the  calculation  of  an  index 
of  cleanliness  are  derived. 

0049  Detecting  Impacts  of  Particles  on  Spacecraft — The 
locations  and  types  of  impacts  would  be  determined 
electronically. 


0050  Reducing  Heating  in  High-Speed  Cinematography — 
Simple  filters  are  effective. 

0051  Predictions  of  Fatigue  Damage  from  Strain  Histo- 
ries— Cycle-by-cycle  analysis  is  better  than  statistical 
characterization. 

0052  Navier-Stokes  Calculations  with  Deforming  Grid — 
The  specification  of  boundary  conditions  is  simplified. 

0053  Navier-Stokes  Simulation  of  Turbine  Rotor/Stator 
Interaction — The  patched-grid  method  is  applied  to  a 
complicated  configuration. 

0054  Upwind  Swirl  Coupling  in  Navier-Stokes  Calcula- 
tions— Convergence  in  axisymmetric  flows  is 
speeded. 

0055  Predicting  Flutter  of  Propfan — Stability  decreases  as 
the  number  of  blades  increases. 

0056  Making  a  Precisely  Level  Floor — A  sequence  of 
pouring  operations  ensures  flatness  and  smoothness. 

0057  Keeping  Wax  Liquid  for  Application — An  applicator 
gun  prevents  wax  from  congealing  prematurely. 

Testing  &  Instrumentation 

0058  Instrument  for  the  Measurement  and  Determination 
of  Chemical  Pulse  Column  Parameters  (Licensing 
Opportunity) 

0059  Measuring  Laminar-Separation  Bubbles  on  Airfoils — 
A  nonintrusive  multielement  heat-transfer  sensor 
overcomes  limitations  of  previous  methods.  (Licens- 
ing Opportunity) 

0060  Fast  Laser  Holographic  Interferometry  for  Wind 
Tunnels — Holograms  would  be  made  rapidly  in  situ. 

0061  Whistle  Gauge  Measures  Flow  and  Temperature — 
Features  include  simplicity,  ruggedness,  and  com- 
pactness. 

0062  Heat-Flux  Sensor  for  Hot  Engine  Cylinders — A  small, 
rugged  unit  gives  accurate  data  in  a  harsh  environ- 
ment. 

Other  Items  of  Interest 

0035     Enhanced  Computer  Program  for  Modeling  Absorp- 
tion Heat  Pump  Systems 

Compression  Pylon  Reduced  Interference  Drag — A 
new  design  reduced  total  drag  by  4  percent.  (Licens- 
ing Opportunity) 

Thermal  Stresses  in  Space-Shuttle  Wing — Combined 
thermal  deformations  of  wing-skin  panel  and  the  TPS 
would  not  tear  the  SIP  layer.  (Licensing  Opportunity) 


0114 


0115 


Environmental  Science  &  Technology 

0063     Navy  Keeps  Plastic  Waste  Out  of  the  Sea:  A  New 
Compactor 
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Manufacturing,  Machinery  &  Tools 

0064  Hydrogen-Free  Electroplating  of  Cadmium  on  High- 
Strength  Steels 

0065  Aligning  Plasma-Arc  Welding  Oscillations — A  simple, 
easy-to-use  tool  improves  weld  quality. 

0066  Caldron  for  High-Temperature  Alloys — Metals  are 
melted  by  induction. 

0067  Design  of  Feedforward  Controllers  for  Multivariable 
Plants — Controllers  are  based  on  simple  low-order 
transfer  functions. 

0068  Determining  Equilibrium  Position  for  Acoustical 
Levitation — The  sample  does  not  have  to  be  levitated 
during  the  measurement. 

0069  Forging  Long  Shafts  on  Disks — A  removable  punch 
halves  the  required  stroke. 

0070  Gland  with  Cantilever  Seal — A  tube  is  sealed  by 
deformation.  (Licensing  Opportunity) 

0071  Grinding  Si3N<  Powder  in  Si3N4  Equipment — Three 
methods  of  grinding  are  compared. 

0072  Jig  Aligns  Shadow  Mask  on  CCD — Alignment  can  be 
viewed  through  a  microscope. 

0073  Lightweight,  High-Current  Welding  Gun — A  resis- 
tance welder  delivers  up  to  4,000  A.  (Licensing 
Opportunity) 

0074  Making  Reliable  Large-Diameter  O-Rings — Vacuum 
curing  yields  joint-free,  voidless  elastomer  seals. 
(Licensing  Opportunity) 

0075  Variable-Polarity  Plasma  Arc  Welding  of  Allow 
2219 — Macrosegregation  and  characteristics  of  arcs 
are  examined.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0076  Automated  Prototype  Microelectronics  Inspection 

0077  Force/Torque  Display  for  Telerobotic  Systems — A 
CRT  depicts  forces  and  torques  on  an  object  held  by 
a  robotic  arm. 

Other  Items  of  Interest 

0042     Disengagement  Lock  for  PaR  Manipulator  Hand 
(Licensing  Opportunity) 

0057  Keeping  Wax  Liquid  for  Application — An  applicator 
gun  prevents  wax  from  congealing  prematurely. 

Materials 

0078  Adhesive  Bonding  of  Cast  Aluminum 

0079  Induction  Slag-Melted  Titanium  Alloys 

0080  Superplastic  Forming  of  Aluminum-Lithium  Alloys 

0081  Baffles  Promote  Wider,  Thinner  Silicon  Ribbons— A 
smoother  temperature  profile  reduces  the  tendency 
toward  buckling. 

0082  Electrochemical  Studies  of  Aluminum  Coated  with 
Primer — The  ac-impedance  method  is  used  to 
investigate  corrosion  rates  and  mechanisms. 


0083  Pourable  Foam  Insulation — A  study  identifies 
commercial  materials  for  demanding  applications. 

0084  Making  MgO/SiO,  Glasses  by  the  Sol-Gel  Process- 
Melting  to  form  glasses  having  liquid-liquid  immisci- 
bility  is  not  necessary. 

0085  Making  Submicron  CoSi,  Structures  on  Silicon 
Substrates — Submicron  epitaxial  single-crystal  lines 
have  been  fabricated  by  direct  electron-beam 
exposure.  (Licensing  Opportunity) 

0086  PMR  Resin  Compositions  for  High  Temperatures- 
One  composition  showed  no  deterioration  in  me- 
chanical properties  after  200  hours  at  700  °F  (371 
°C). 

0087  Rapid  Annealing  of  Amorphous  Hydrogenated 
Carbon — Effects  on  selected  optical  properties  are 
discussed. 

0088  R-Curve  Instability  Calculations  of  Crack  Growth — In 
some  cases,  calculations  can  be  done  on  pocket 
calculators. 

0089  Research  in  Thermoelectric  Materials — Knowledge  of 
microstructures  is  necessary  for  further  improve- 
ments. 

0090  Reduction  of  Stresses  in  Growing  Silicon  Webs— The 
cooling  pattern  is  enhanced  by  a  simple  modification 
of  the  susceptor  lid. 

0091  Using  Inorganic  Crystals  to  Grow  Protein  Crystals- 
Solid  materials  serve  as  nucleating  agents. 

Testing  &  Instrumentation 

0092  Text  System  for  Erosion-Corrosion  Studies 

0093  Reference  Radiographs  for  Aluminum  Welds 

0094  Vacuum  Heads  Checks  Foam/Substrate  Bonds — 
Inspections  are  performed  quickly  and  non- 
destructive^. 

0095  Measuring  Mechanical  Properties  of  Optical 
Glasses — Several  tests  will  yield  data  relevant  to 
reliabilities  and  lifetimes  under  stress. 

Other  Items  of  Interest 

0033  Encapsulants  and  Corrosion  in  Photovoltaic  Mod- 
ules— Experiments  and  computer  simulations  give 
insights  and  point  the  way  to  further  study. 

0034  Prediction  of  Critical  Crack  Sizes  in  Solar  Cells — 
Cracks  on  edges  are  more  critical  than  are  those  on 
the  broad  surfaces. 

0064     Hydrogen-Free  Electroplating  of  Cadmium  on  High- 
Strength  Steels 

0066  Caldron  for  High-Temperature  Alloys — Metals  are 
melted  by  induction. 

0071  Grinding  Si3N4  Powder  in  S^N,  Equipment — Three 
methods  of  grinding  are  compared. 

0075     Variable-Polarity  Plasma  Arc  Welding  of  Allow 

2219 — Macrosegregation  and  characteristics  of  arcs 
are  examined.  (Licensing  Opportunity) 
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Medicine  &  Biology 

0096  Accurate  Analyses  of  Trace  Elements  in  Blood 

0097  Animal  Disease  and  Investigative  Laboratory 

0098  Brain  Tissue  Resource  Center 

0099  Primate  Supply  Information  Clearinghouse 

01 00  Research  Animal  Diagnostic  Laboratory 

01 01  X-Ray  Method  Removes  AIDS  Virus  from  Evidence 

01 02  Effects  of  Vibrations  on  Grasp  Control — Vibration  can 
be  a  powerful  and  specific  stimulus  to  low-level  reflex 
behavior. 

0103  Microencapsulation  of  Living  Cells — Walls  selectively 
pass  molecules,  keeping  out  harmful  substances. 
(Licensing  Opportunity) 

Natural  Resources  Technology  & 
Engineering 

0104  Exploring  Earth's  Formation 

01 05  New  'Sponge'  Theory  Explains  Volcanic  Eruption 
Behaviors 

01 06  Multiple-Vortex-Ring  Model  of  a  Microburst — Data 
from  a  wind-shear  incident  support  a  two-ring  model. 

Other  Items  of  Interest 

0022     Multiple-Baseline  Interferometric  Synthetic-Aperature 
Radar — Performances  of  spaceborne  systems  and 
effects  of  phase  errors  are  discussed. 

Physical  Sciences 

01 07  Magnet  Field  Controller  (Licensing  Opportunity) 

Two-Way  Time  Transfers  by  Satellite 

Calculating  Response  of  a  Tunable-Diode-Laser 
Spectrometer — The  response  function  is  calculated 
from  measurements  by  an  iterative  deconvolution 
procedure. 

Equation  of  State  with  Temperature  Effects  for 
Solids — Behavior  at  high  temperature  is  predicted 
from  only  four  parameters. 


0108 
0109 


0110 


01 1 1  Exponential  Finite-Difference  Technique — Various 
partial  differential  equations  are  solved  numerically. 

Testing  &  Instrumentation 

01 12  Simultaneous  In-Flight  Measurement  of  Particle  Size, 
Velocity  and  Temperature  Instrument  (Licensing 
Opportunity) 

01 13  Optical  Interferometric  Micrometrology — Resolutions 
in  the  angstrom  and  subangstrom  range  are  sought 
for  atomic-scale  surface  probes. 

Other  Items  of  Interest 

0048     Calculating  Obscuration  Ratios  of  Contaminated 

Surfaces — Equations  for  the  calculation  of  an  index 
of  cleanliness  are  derived. 

0091     Using  Inorganic  Crystals  to  Grow  Protein  Crystals — 
Solid  materials  serve  as  nucleating  agents. 

Transportation  &  Components 


0114 


0115 


Compression  Pylon  Reduced  Interference  Drag — A 
new  design  reduced  total  drag  by  4  percent.  (Licens- 
ing Opportunity) 

Thermal  Stresses  in  Space-Shuttle  Wing — Combined 
thermal  deformations  of  wing-skin  panel  and  the  TPS 
would  not  tear  the  SIP  layer.  (Licensing  Opportunity) 


Other  Items  of  Interest 

0008  Data-Processing  System  for  Test  Airplane — Real- 
time display  of  data  on  performance  supports 
decisions  regarding  maneuvers.  (Licensing  Opportu- 
nity) 

0009  General-Purpose  Electronic  System  Tests  Aircraft — 
Versatile  digital  equipment  supports  research, 
development,  and  maintenance. 

0012     Assessment  of  Digital  Control  for  Helicopters — Digital 
flight  controls  are  essential  for  high  performance  in 
advanced  military  rotorcraft. 


Agriculture  &  Food 


0001  From  the  Flow  Garden,  Natural  Insect  Resistance 

0002  Zinc  Helps  Keep  Fruits  Fresh  (Licensing  Opportunity) 


• 


Research  Technology 

Agricultural  Research  Service 

P       U.S.  Department  of  Agriculture 


From  the  Flow  Garden,  Natural  Insect  Resistance 


The  petunia— a  distant  relative  of 
the  familiar  red  tomato — contains 
natural  insecticides  that  apparently  help 
the  plant  fend  off  the  destructive 
tomato  fruit  worm  (Heliothis  zea). 

ARS  chemists  have  discovered 
natural  chemicals  in  petunia  leaves  and 
stems  that  confer  this  resistance.  When 
fed  to  fruitworms  in  lab  tests,  the 
chemicals — named  petuniolides  and 
petuniasterones — killed  young  tomato 
fruitworm  larvae  and  stunted  the 
growth  of  older  worms. 

Studies  of  two  other  tomato  rela- 
tives, cape  gooseberry  and  tomatillo, 
suggest  chemicals  in  these  plants  may 


also  defend  them  from  the  fruitworm. 

Tools  of  modern  biotechnology, 
such  as  protoplast  fusion  and  microin- 
jection, may  make  it  possible  for  scien- 
tists to  transfer  natural  resistance  into 
tomatoes  from  its  relatives.  Similarly, 
crops  such  as  potato,  com,  cotton  and 
soybean  that  the  tomato  fruitworm 
attacks  might  be  protected. 


Carl  A.  Elliger  and  Anthony  C. 
Waiss,  Jr.,  are  in  the  USD  A- ARS  Plant 
Protection  Unit,  Western  Regional 
Research  Center,  Albany,  CA.  (415) 
559-5820.  ♦ 
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Zinc  Helps  Keep  Fruits  Fresh 


An  edible  zinc  chloride  solution 
safely  delays  unsightly  browning  of 
fresh  apples,  pears,  or  peaches  that  are 
sliced  into  halves,  sections,  chunks  or 
similar  pieces,  and  then  bagged  and 
refrigerated. 

Browning  is  caused  by  a  polyphenol 
oxidase  enzyme  that  is  released  from 
cells  when  they  are  sliced  or  chopped, 
says  research  chemist  Harold  R.  Bolin 
of  ARS'  Western  Regional  Research 
Center,  Albany,  California. 

The  zinc  chloride  bath  works 
better — by  itself  or  in  combination  with 
calcium — than  calcium  compounds 
alone  to  keep  the  light  color  and  firm 
texture  of  fresh  fruit,  according  to  the 
scientist. 

Just  how  effective  the  dip  is  varies 
with  the  type  of  fruit  treated.  Bolin's 
experiments  show  that  the  treatment 
may  fend  off  browning  of  presliced 
fruit  that  is  refrigerated  in  bags  from 
several  days  up  to  10  weeks  or  more. 
Although  fruit  he  has  treated  hasn't 
been  sampled  by  a  formal  panel  of  taste 
testers,  Bolin  says  those  who  have 
nibbled  at  experimental  samples  report 


that  flavor  and  aroma  appear  to  hold  up 
well. 

The  treatment  is  easy  to  apply:  Fruit 
pieces  are  dunked  in  water  that  contains 
a  very  small  amount  of  zinc  chloride  or 
zinc  chloride  plus  some  form  of 
calcium  such  as  calcium  chloride.  In 
some  cases,  priming  fruit  pieces  with 
ascorbic  acid  (vitamin  C)  or  citric  acid 
makes  the  bath  even  more  effective. 

Bolin  says  Americans  want  fresh  or 
freshlike  fruits  but  they  also  want 
convenience.  The  zinc  process  meets 
both  needs:  It  helps  retain  more  of  the 
freshlike  quality  of  fruit  than  may  be 
possible  with  freezing,  canning,  or 
drying,  yet  helps  food  processors  im- 
prove upon  nature's  packaging. 

For  technical  information  about  this 
patent,  contact  Harold  R.  Bolin,  USDA- 
ARS  Process  Chemistry  and  Engineer- 
ing, Western  Regional  Research 
Center,  800  BuchananSt .,  Albany ,  CA 
94710(45)  559-5863.  Patent  Applica- 
tion Serial  No.  07/270,979,  "Zinc  Treat- 
ment for  Stabilizing  Lightly  Processed 
Fresh  Fruits."  ♦ 


FOR  ADDITIONAL  INFORMATION:   Inquiries  concerning  rights  for  commercial  use  of  this  invention 
should  be  addressed  to:  Office  of  Federal  Patent  Licensing,  Center  for  the  Utilization  of  Federal 
Technology,  Room  304,  NTIS,  Springfield,  VA  22161;  (703)487-4738.     Refer  to  Patent 
Application     07/270, 979/TN. 
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Algorithms  for  Efficient  use  of  Multiprocessor  Hardware 


Because  of  recent  developments  in  computer 
hardware,  large  and  powerful  parallel  computer 
architectures  have  become  commercially  available. 
Distributed-memory  multiprocessors  (such  as  the 
Intel  and  Ncube  hypercubes)  and  shared-memory 
multiprocessors  (such  as  a  Sequent  Balance 
8000)  are  potentially  much  faster  than  similar 
single  processors  and  cheaper  than  serial 
processors  of  similar  aggregate  power.  The 
challenge  for  computer  programmers  lies  in 
developing  algorithms  that  maximize  the 
efficiency  of  these  new  machines.  Researchers  in 
ORNL's  Mathematical  Sciences  Section  are 
developing  and  refining  a  variety  of  algorithms  for 
efficient  parallel  processing. 

For  example,  algorithms  and  software  for  serial 
computers  have  already  reached  a  high  state  of 
development  for  performing  matrix  factorizations 
and  using  the  resulting  factors  in  the  solution  of 
systems  of  linear  equations,  such  as  a  system 
derived  from  the  discretization  of  a  partial 
differential  equation.  The  six  ORNL  reports 
described  in  this  bulletin  present  and  analyze 
algorithms  for  such  matrix  computations  on 
shared-  and  distributed-memory  parallel 
computers.  Algorithms  have  been  developed  for 
the  LU  factorization,  where  the  matrix  factors  are 
a  lower  triangular  matrix  L  and  an  upper 
triangular  matrix  U,  and  for  the  QR  factorization, 
where  the  factors  are  orthogonal  Q  and  upper 
triangular  R. 

In  the  ORNL  report,  Solution  of  Sparse  Positive 
Definite  Systems  on  a  Shared-Memory 
Multiprocessor,  algorithms  are  presented  for 
performing  the  Cholesky  factorization  (which  is  an 
LU  factorization  with  U  equal  to  the  transpose  of  L) 
of  a  sparse  matrix  and  for  solving  the  resulting 
sparse  triangular  systems  on  a  shared-memory 


parallel  computer.  Numerical  experiments 
demonstrating  the  performance  of  these 
algorithms  on  a  Sequent  Balance  8000  system 
are  documented. 

QR  Factorization  of  a  Dense  Matrix  on  a 
Shared-Memory  Multiprocessor  contains  a  new 
algorithm  for  computing  an  orthogonal 
decomposition  of  a  rectangular  matrix  on  a 
shared-memory  computer.  This  algorithm,  which 
uses  Givens  rotations,  features  a  low 
synchronization  cost.  Analyses  and  experiments 
performed  on  an  eight-processor  Sequent  Balance 
8000  show  that  the  algorithm  is  effective  in 
balancing  the  load  and  producing  high  efficiency 
(speed-up). 

Three  reports  containing  tested  factorization 
algorithms  are  also  available  for  distributed- 
memory  multiprocessors.  Parallel  Solution  of 
Triangular  Systems  on  Distributed- Memory 
Multiprocessors  presents  several  algorithms  for 
solving  triangular  systems  of  linear  equations. 
New  wavefront  algorithms  have  been  developed 
for  both  row-oriented  and  column-oriented  matrix 
storage.  The  performance  of  new  and  previously 
proposed  algorithms  is  analyzed  theoretically  and 
illustrated  empirically  using  implementations  on 
Amtek,  Intel,  and  Ncube  hypercubes. 

LU  Factorization  Algorithms  on  Distributed- 
Memory  Multiprocessor  Architectures  describes 
four  approaches  for  implementing  the  LU 
factorization  on  a  hypercube.  Four  algorithms 
were  analyzed  to  determine  whether  the  choice 
of  storage  scheme  for  the  coefficient  matrix  and 
pivoting  strategy  affects  the  efficiency  of  parallel 
factorization;  the  algorithms  preferred  for  given 
sets  of  conditions  were  identified.  Empirical 
results  were  obtained  by  implementing  the 
algorithms  on  an  Intel  iPSC  hypercube. 


QR  Factorization  of  a  Dense  Matrix  on  a 
Hypercube  Multiprocessor  describes  a  scheme 
that  involves  embedding  a  two-dimensional  grid 
in  a  hypercube  network.  An  algorithm  for 
reducing  a  rectangular  matrix  to  upper  triangular 
form  using  orthogonal  transformations  on  a 
hypercube  multiprocessor  is  described.    Numerical 
experiments  were  performed  on  a  64-processor 
Intel  iPSC  hypercube  to  verify  the  theoretical 
results. 

The  problem  of  load  balancing  on  a  hypercube 
has  also  been  addressed.  A  row-oriented 
implementation  of  Gaussian  elimination  with 
partial  pivoting  on  a  local-memory  multiprocessor 
is  described  in  Gaussian  Elimination  with  Partial 
Pivoting  and  Load  Balancing  on  a  Multiprocessor. 
The  simple,  inexpensive  load-balancing  scheme 
described  in  this  report  maintains  computational 
balance  in  the  presence  of  pivoting.  An  analysis 
of  the  communication  costs  of  the  algorithm  is 
developed,  along  with  an  analysis  of  the 
computation  performed  in  each  node  processor. 
Experiments  using  an  Intel  iPSC  hypercube  are 
described  to  demonstrate  the  extent  to  which  the 
analytical  model  predicts  performance. 


E.  Chu  and  A.  George,  QR  Factorization  of  a  Dense  Matrix 
on  a  Shared-Memory  Multiprocessor,  ORNL/TM- 10581,  Oak 
Ridge  National  Laboratory  (October  1987). 


E.  Chu  and  A.  George,  QR  Factorization  of  a  Dense  Matrix 
on  a  Hypercube  Multiprocessor,  ORNL/TM- 10691,  Oak 
Ridge  National  Laboratory  (February  10,  1988). 

G.  A.  Geist  and  C.  H.  Romine,  LU  Factorization  Algorithms 
on  Distributed-Memory  Multiprocessor  Architectures, 
ORNL/TM- 10383,  Oak  Ridge  National  Laboratory 
(March    1987). 

A.  George  and  E.  Chu,  Gaussian  Elimination  with  Partial 
Pivoting  and  Load  Balancing  on  a  Multiprocessor, 
ORNL/TM- 10323,  Oak  Ridge  National  Laboratory 
(March    1987). 

A.  George  et  al..  Solution  of  Sparse  Positive  Definite 
Systems  on  a  Shared-Memory  Multiprocessor, 
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(January   1987). 
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(March    1987). 
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Balanced-Load  Real-Time  Multiprocessor  System 

Modularity  and  parallelism  provide  tolerance  to  faults  and  high  throughput  capacity. 


A  distributed  computing  system  is  toler- 
ant of  damage  and  temporary  faults  and  of- 
fers a  high  throughput  capacity  and  dy- 
namic balancing  of  the  computational 
load.  This  system,  called  MAX,  is  a  network 
of  interconnected  computers.  It  is  based 
on  a  distributed-data-flow  execution 
model,  a  distributed  operating  system 
(HYPHOS),  a  multiple-access  broadcast 
bus,  and  a  point-to-point  circuit-switched 
network. 

In  the  data-flow  architecture,  a  program 
comprises  independent  functions.  The  ex- 
ecution of  a  function  is  made  possible  by 
the  presence  of  the  data  required  by  the 
function.  These  data  are  encapsulated  in 
tokens  that  identify  the  functions  for  which 
the  data  are  intended.  The  use  of  the  token 
by  the  function  consumes  the  token,  and 
the  functions  produce  results  in  the  form  of 
new  tokens.  The  tokens  flowing  between 
functions  are  automatically  queued.  There 
is  no  correspondence  between  a  datum 
and  its  location  in  the  memory. 

A  particular  function  becomes  "fire- 
able"  —  that  is,  ready  for  execution  —  as 
soon  as  it  has  received  all  of  the  necessary 
input  tokens  specified  by  its  firing  rule. 
Therefore,  several  functions  may  be  fire- 
able  at  any  one  moment.  If  the  functions 
are  distributed  over  the  processing  units  of 
the  system,  all  fireable  functions  are  ex- 
ecuted in  parallel  at  the  earliest  opportuni- 
ty. A  large  assortment  of  firing  rules  is  pro- 
vided to  support  real-time  programming 
and  fault  tolerance. 

The  data  flow  smoothly  handles  tran- 
sient workloads  that  arise  from  asynchron- 
ous inputs  and  variable  computing  times.  It 
offers  parallel  paths  for  simultaneous  ex- 
ecution and  allows  processing  of  con- 
secutive inputs  to  overlap. 

The  data-flow  system  is  a  low-resolution 
one;  its  structures  and  functions,  written  in 
a  high-order  language,  are  more  complex 
than  those  of  high-resolution  systems. 
Although  a  low-resolution  system  extracts 
less  concurrent  operation  from  an  algo- 
rithm, such  a  system  also  involves  less 
scheduling  and  synchronization. 


Global  Buses 


■  Mesh 


A  MAX  Cluster  consists  of  a  group  of  modules  —  each  a  semlautonomous  computer.  The 
modules  are  connected  to  each  other  and  to  other  clusters  by  a  global  bus  and  a  circuit- 
switched  communication  mesh. 
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The  data-flow  token  is  the  basic  unit  for 
most  MAX  system  functions.  Software 
modularity,  communication,  concurrency, 
memory  partitioning,  and  data  comparison 
for  fault  detection  are  all  performed  at  the 
token  level.  Full  exploitation  of  this  unifying 
mechanism  beyond  any  previous  system 
is  the  essence  of  the  MAX  design. 

Overall,  the  MAX  system  consists  of 
clusters  of  computer  modules  connected 
by  global  buses  and  the  switched  com- 
munication mesh  (see  figure).  Each  mod- 
ule is  a  self-contained  computer  that  oper- 
ates autonomously,  using  the  HYPHOS 
distributed  operating  system. 

Special-purpose  boards  can  be  attached 
to  a  module  to  enhance  its  capability,  or 
such  devices  can  be  incorporated  into  the 
communication  mesh. 

The  HYPHOS  operating  system  uses 
special  features  of  the  global  buses  for 
software  synchronization.  The  communi- 
cation mesh  transports  the  data  between 
the  modules. 

There  is  no  central  controller  in  the 
system.  Instead,  the  HYPHOS  operating 
system  in  each  module  acts  in  concert 
with  the  others,  to  support  multitasking, 


communication,  and  related  functions.  A 
graph-execution  manager  schedules  data- 
flow tasks  within  a  module. 

A  module  is  implemented  on  a  single 
board  with  dual  32-bit  microprocessors  — 
one  primarily  for  HYPHOS  functions  and  the 
other  for  application-software  functions.  A 
module  also  contains  fast  floating-point 
hardware  and  intelligent  multiple-channel 
direct-memory-access  coprocessors. 
There  are  also  six  10-Mb/s  communication 
ports,  priority  interrupts,  and  program- 
mable timers.  System  software  resides  in  a 
read-only  memory.  At  least  128  kilobytes  of 
random-access  memory  (RAM)  are  availa- 
ble in  each  module,  and  connections  are 
provided  for  external  RAM  and  memory- 
mapped  input/output. 

This  work  was  done  by  Robert  D. 
Rasmussen,  Robert  M.  Manning,  Blair  F. 
Lewis,  Gary  S.  Bolotin,  and  Richard  S. 
Ward  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  OfficeJPL 
RefertoNPO-17185. 
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Optical  Processing  With  Photorefractive  Semiconductors 

Advantages  include  high  speed  and  compatibility  with  other  semiconductor  devices. 


An  experimental  phase-conjugate  four- 
wave-mixing  apparatus  has  been  used  to 
demonstrate  the  capabilities  of  GaAs  (and 
potentially  of  other  photorefractive  semi- 
conductors like  InP  and  CdTe)  for  optical 
processing  of  information.  With  modifica- 
tions, the  apparatus  performs  any  of  three 
basic  image-processing  functions:  transfer 
to  a  different  light  beam,  enhancement  of 
edges,  and  autocorrelation. 

GaAs  offers  important  advantages  over 
such  crystalline  oxides  as  BaTi03  and 
LiNbOg.  Its  photorefractive  response  oc- 
curs within  tens  of  microseconds  —  about 
100  times  as  fast  as  that  of  the  oxides. 
GaAs  devices  operate  in  the  infrared 
wavelength  range  of  0.9  to  1.6  /^m  and  are 
therefore  compatible  with  semiconduc- 
tor injection  lasers  and  miniature  diode- 
pumped  yttrium  aluminum  garnet  lasers. 
In  contrast,  the  oxides  operate  in  the  visible 
wavelength  range  of  0.4  to  0.7  ^m  and 
therefore  require  gas  lasers,  which  are 
large,  expensive,  and  fragile.  Thus,  the  ap- 
plications of  the  oxides  are  limited,  while 
GaAs  is  suitable  for  integration  of  optical 
processing  with  optoelectronic,  electro- 
optical,  and  electronic  systems  that  are 
fast,  compact,  and  consume  little  power. 

The  apparatus  includes  a  crystal  of 
GaAs  of  5  by  9  by  9  mm  with  its  cubic  crys- 
talline axes  oriented  as  shown  in  the  figure. 
The  crystal  is  illuminated  from  opposite 
sides  by  writing  laser  beams  1  and  2,  which 
are  polarized  in  the  plane  of  the  paper.  A 
grating  is  formed  by  the  photorefractive  ef- 
fect at  the  intersection  of  these  beams. 

The  grating  is  illuminated  by  reading 
laser  beam  3,  which  is  also  polarized  in  the 
plane  of  the  illustration.  The  grating  dif- 
fracts this  beam,  producing  phase-conju- 
gate beam  4  with  polarization  perpen- 
dicular to  the  page.  Thus,  beam  4  can  be 
separated  and  deflected  to  a  camera  by  a 
polarizing  beam  splitter.  The  polarizer  also 
reduces  the  noise  caused  by  randomly 
scattered  background  light. 

A  transparency  bearing  an  image  is 
placed  in  beam  2  at  a  distance  I  from  the 
crystal  to  modulate  the  beam  spatially  with 
information.  Because  of  the  phase-conju- 
gate nature  of  beam  4,  the  image  appears 
in  beam  4  at  distance  I  from  the  crystal. 
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This  Four-Wave  Mixing  Apparatus  can  be  used  to  transfer  an  image  from  one  light  beam  to 
another,  enhance  the  edges  in  the  transferred  image,  or  autocorrelate  an  image. 


# 


Thus,  an  image  has  been  transferred  from 
one  light  beam  to  another. 

To  enhance  the  edges  in  an  image, 
another  transparency  is  placed  in  beam  1, 
and  a  lens  is  placed  in  front  of  it  at  such  a 
distance  that  its  Fourier  plane  is  in  the 
crystal.  The  intensities  of  beams  1  and  2 
are  then  adjusted  so  that  the  intensities  of 
the  portions  of  the  two  beams  carrying  the 
high  spatial  frequencies  are  approximately 
equal.  Under  this  condition,  the  hologram 
formed  in  the  crystal  acts  as  a  high-pass 
filter  of  the  spatial-frequency  information. 
Thus,  the  eges  —  which  have  higher  spa- 
tial frequencies  than  the  rest  of  the  image 
does  —  are  enhanced. 

To  autocorrelate  an  image,  identical 
transparencies  and  lenses  are  placed  in 
both  writing  beams  so  that  the  crystal  is  il- 
luminated from  both  sides  with  Fourier 
transforms  of  the  image.  The  hologram  in 
the  crystal  is  read  out  by  beam  3,  and 
beam  4  is  inverse  Fourier-transformed  by  a 
lens.  The  resulting  image  is  the  autocorre- 
lation of  the  images. 

This  work  was  done  by  Li-Jen  Cheng 
and  Gregory  Gheen  ofCaltech  for  NASA's 
Jet  Propulsion  Laboratory. 
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Pasadena,  CA  91125 
Refer  to  NPO-17324/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 


Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P  O  Box  8757 
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ATAM  —  Automated  Trade 
Assessment  Modeling 

Figures  of  merit  are 
generated  for  comparisons  of 
proposed  Space-Station 
data-management  systems. 

The  Automated  Trade  Assessment  Mod- 
eling program,  ATAM,  is  one  of  the  software 
tools  designed  to  assess  candidate  archi- 
tectures for  the  data-management  system 
of  the  proposed  Space  Station.  It  is  de- 
signed to  discriminate  among  the  candi- 
dates that  have  equally  acceptable  per- 
formance and  reliability  characteristics.  It 
utilizes  a  data  base,  defined  by  the  user, 
that  contains  information  (cost,  weight, 
volume,  crew  time,  subsystem  grouping, 
etc.)  on  a  candidate  architecture. 

ATAM  assesses  such  trade  factors  of  a 


system  as  weight,  power  consumption, 
and  lifecycle  cost.  It  produces  detailed  par- 
ameter assessments  as  well  as  a  single  fig- 
ure of  merit  for  the  candidate  architecture. 
This  information  is  then  stored  for  com- 
parison with  the  figure  of  merit  assessed 
for  other  candidate  architectures. 

ATAM  was  written  for  an  I BM  PC  X/AT  or 
compatible  computer.  It  requires  400K  of 
random-access  memory,  a  hard  disk,  a 
printer  with  132  columns,  and  DOS  3.1  or 
higher.  ATAM  was  developed  in  1986. 


This  program  was  written  by  Antonio 
Vallone,  Mei-Zong  Wu,  and  Keith  Hogie 
of  Computer  Sciences  Corp.  for  Langley 
Research  Center. 
LAR-13999/TN 
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Nonlinear  Curve- 
Fitting  Program 

A  nonlinear  optimization 
algorithm  helps  in  finding 
the  best-fit  curve. 

A  common  method  for  fitting  data  is  a 
least-squares  fit.  In  the  least-squares  meth- 
od, a  fitting  function  specified  by  the  user  is 
introduced  in  such  a  way  as  to  minimize  the 
sum  of  the  squares  of  distances  between 
the  data  points  and  the  fitting  curve.  The 
Nonlinear  Curve  Fitting  Program,  NLINE- 
AR,  is  an  interactive  curve-fitting  routine 
based  on  a  description  of  the  quadratic  ex- 
pansion of  the  x2  statistic. 

NLINEAR  utilizes  a  nonlinear  optimiza- 
tion algorithm  that  calculates  the  best 
statistically  weighted  values  of  the  param- 
eters of  the  fitting  function  and  the  x2that  is 
to  be  minimized.  The  inputs  to  the  program 
are  the  mathematical  form  of  the  fitting 
function  and  the  initial  values  of  the  param- 
eters to  be  estimated.  This  approach  pro- 
vides the  user  with  such  statistical  informa- 


tion as  goodness  of  fit  and  estimated 
values  of  parameters  that  produce  the 
highest  degree  of  correlation  between  the 
experimental  data  and  the  mathematical 
model. 

In  the  mathematical  formulation  of  the 
algorithm,  the  Taylor  expansion  of  x2  is  first 
introduced,  and  justifications  for  retaining 
only  the  first  term  are  presented.  From  the 
expansion,  a  set  of  n  simultaneous  linear 
equations  are  derived  and  are  solved  by 
matrix  algebra.  To  achieve  convergence, 
the  algorithm  requires  meaningful  initial  es- 
timates for  the  parameters  of  the  fitting 
function.    , 

NLINEAR  is  written  in  FORTRAN  77  for 
execution  on  a  CDC  Cyber  750  computer 
under  NOS  2.3.  It  has  a  central-memory  re- 
quirement of  5K  60-bit  words.  Optionally, 


graphical  output  of  the  fitting  function  can 
be  plotted.  Tektronix  PLOT-10  routines  are 
required  for  graphics.  NLINEAR  was  de- 
veloped in  1987. 

This  program  was  written  by  Joel  L. 
Everhart  of  Langley  Research  Center 
and  Forooz  F.  Badavi  of  PRC  Kentron, 
Inc. 
LAR-13934/TN 
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Data-Processing  System  for  Test  Airplane 

Real-time  display  of  data  on  performance  supports  decisions  regarding  maneuvers. 


The  X-29A  advanced-technology-de- 
monstrator airplane  and  the  associated 
ground  control  station  have  been  equipped 
with  electronic  equipment  (see  Figure  1) 
for  the  acquisition,  transmission,  process- 
ing, and  display  (all  in  real  time)  of  data 
relating  to  the  performance  in  flight.  The 
data-processing  system  calculates  the  in- 
flight measured  drag  polar,  the  lift  curve, 
and  aircraft-specific  excess  power.  From 
these  elements,  many  other  measures  of 
performance  can  be  computed  and  ana- 
lyzed. 

Traditionally,  data  on  the  performances 
of  airplanes  during  test  flights  have  been 
calculated  and  analyzed  after  the  flights. 
Such  postflight  analysis  often  reveals  er- 
rors and  other  inadequacies  in  the  data 
that  require  the  repetition  of  a  flight  test.  By 
enabling  real-time  evaluation  of  flight-test 
maneuvering  techniques  and  the  quality 
of  data,  the  new  data-processing  system 
makes  it  possible  to  repeat  a  maneuver  im- 
mediately, while  flight-test  conditions  are 
still  suitable. 

The  data-acquisition  subsystem  (see 
Figure  2)  aboard  the  airplane  uses  both 
pulse  code  modulation  (PCM)  and  frequen- 
cy modulation  (FM)  for  transmission  of  sen- 
sor data  on  the  operation  of  the  engine,  the 
performance  of  the  airplane,  and  the  con- 
ditions in  the  atmosphere.  No  data  are 
recorded  on  the  aircraft.  The  10-bit  PCM 
system  transmits  at  rates  that  vary  from  25 
to  400  samples  per  second,  depending  on 
the  desired  frequency  range  to  be  cov- 
ered. The  digital  data  are  processed  by  five 
PCM  units,  and  an  interleaver  device 
merges  the  stream  of  data  along  with  the 
output  from  the  bus  of  the  flight-control 
computer.  The  data  are  telemetered  as  an 
uncalibrated  serial  PCM  stream. 

The  constant-bandwidth  FM  system 
transmits  high-response  acceleration  and 
vibration  data.  This  FM  signal  is  merged 
with  the  rest  of  the  digital  data  from  the  in- 
terleaver and  telemetered  to  the  ground 
along  with  the  pilot's  voice  signals.  About 
700  measured  data  parameters  are  tele- 
metered to  the  ground  for  recording,  anal- 
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Figure  1.  Data  From  Sensors  Aboard  the  Airplane  are  transmitted  to  the  control  station  on 
the  ground  for  immediate  processing  and  display. 


ysis  in  real  time,  and  monitoring  in  the 
control  room.  The  set  of  data  parameters 
includes  measurements  for  structural 
loads,  structural  dynamics,  flight  controls, 
stability  and  control,  aircraft  subsystems, 
propulsion  and  performance,  wing  deflec- 
tions, buffet,  and  external  pressure  distri- 
butions. 

An  essential  element  of  the  software 
component  of  the  system  is  the  real-time, 
in-flight  net-thrust  algorithm,  which  is  based 
on  the  simplified  net-thrust  method.  The 
only  inputs  required  by  this  algorithm  are 
the  free-stream  static  air  pressure,  the  total 
temperature  at  the  turbine-rotor  discharge, 
the  calculated  true  velocity,  and  the  gas 


pressures  measured  at  three  locations  in 
the  afterburner  duct  of  the  engine.  The  al- 
gorithm computes  the  gross  thrust  on  the 
basis  of  a  one-dimensional  approximation 
of  the  flow  in  the  afterburner  and  exhaust 
nozzle.  Using  additional  inputs  from  the  air- 
data  subsystem,  the  algorithm  also  calcu- 
lates the  ram  drag  and  the  net  thrust.  The 
uncertainty  in  the  real-time  coefficient  of 
drag  has  been  estimated  to  be  about  3  per- 
cent. 

This  work  was  done  by  R.J.  Ray,  J.  W. 
Hicks,  and  R.I.  Alexander  of  Ames 
Research  Center.  Further  information 
may  be  found  in  NASA  TM-1 00432  Price 
Code:  A03  [N88-21151],  "Development 
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Figure  2.  The  Data-Acquisition  and  -Transmission  subsystem  of  Figure  1  is  shown  here  in  more  detail. 


of  a  Real-Time  Aeroperformance  Analysis 
Technique  for  the  X-29A  Advanced 
Technology  Demonstrator. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel  Ames 
Research  Center.  Refer  to  ARC-12212/TN. 


Ames  Research  Ctr. 

Technology  Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)  694-4044 
Patent  Counsel: 
Darrell  G.  Brekke 
Mail  Code  200-1 1 
Moffett  Field,  CA  94035 
(415)  694-5104 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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General-Purpose  Electronic  System  Tests  Aircraft 

Versatile  digital  equipment  supports  research,  development,  and  maintenance. 

The  extended  aircraft  interrogation  and 
display  system  (XAIDS)  is  a  general-pur- 
pose assembly  of  digital  electronic  equip- 
ment on  the  ground  for  the  testing  of  digital 
electronic  systems  on  advanced  aircraft. 
The  XAIDS  is  the  enhanced,  second-gen- 
eration version  of  a  prior  system  developed 
to  support  the  integration  of  digital  flight 
systems,  the  verification  and  validation  of 
software,  preflight  and  postflight  testing, 
and  maintenance.  To  perform  the  tasks 
now  accomplished  in  a  unified  manner  by 
the  XAIDS,  it  was  previously  necessary  to 
use  special-purpose  ground  support  equip- 
ment for  each  project  and,  therefore,  to 
build  and  maintain  an  inventory  of  many 
different  types  of  equipment  of  varying 
capability. 

The  system  (see  figure)  has  many  ad- 
vanced features,  including  multiple  16-bit 
microprocessors,  pipeline  data-flow  ar- 
chitecture, advanced  operating  system, 
and  resident  software-development  tools. 
The  basic  collection  of  software  includes 
programs  for  handling  many  types  of  data 
and  for  displays  in  various  formats.  The 
user  can  easily  extend  this  basic  software 
library.  Hardware  and  software  interfaces 
to  subsystems  provided  by  the  user  have 
been  designed  for  flexibility  in  configura- 
tion to  meet  the  user's  requirements. 

An  auxiliary  remote  data-acquisition 
subsystem  (RDAS)  serves  as  an  input/out- 
put interface  that  can  be  located  near  the 
system  to  be  tested.  An  RDAS  is  intended 
for  use  where  direct  cabling  to  the  XAIDS 
would  be  too  complicated  or  vulnerable  to 
electromagnetic  interference.  An  RDAS 
can  be  located  as  far  as  5,000  ft  (1.5  km) 
from  the  XAIDS,  with  control  and  data 
signals  flowing  at  a  1-MHz  rate  over  a  local- 
area  network  that  uses  a  single  RG-59/U 
coaxial  cable  3/16  in.  (4.8  mm)  in  diameter. 

The  XAIDS  has  contributed  greatly  to 
the  work  on  the  X-29A  forward-swept-wing 
airplane.  It  has  centralized  the  operators' 
activities  at  a  single  work  station,  providing 
both  analysis  of  telemetry  data  and  control 
of  the  flight-computer  test  set.  Software 
has  been  developed  to  enable  operators  to 
overlay  the  memory  of  the  flight  computer 
with  test  code  and/or  tables  of  data,  so  that 
test  conditions  can  be  altered  and  the  te- 


I 


lemetry  stream  can  be  remapped.  In  addi- 
tion, several  large  modules  of  software 
have  been  incorporated  to  provide  evalua- 
tions of  the  performance  of  the  flight-con- 
trol system. 

This  work  was  done  by  Richard  D. 
Glover  of  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 

This  work  was  done  by  Richard  D. 
Glover  of  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-86740[N87-16820],  Price  Code:  A05 
"Design  and  Initial  Application  of  the 
Extended  Aircraft  Interrogation  and 
Display  System." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
ARC-12148/TN 
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1.  "I/O"  means  input/output. 

2.  "RAM"  means  random-access  memory. 

3.  "PROM"  means  programmable  read-only  memory. 
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The  Extended  Aircraft  Interrogation  and  Display  System  is  pipelined,  multiprocessor, 
general-purpose  digital  electronic  ground  support  equipment  for  the  testing  of  digital  flight 
systems. 
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0010  Improving  Purity  of  Diode  Lasers 

0011  Adjusting  Surfaces  of  Large  Antenna  Reflectors — More  effective  than  the 
traditional  rms-surface-distortion  approach.  (Licensing  Opportunity) 

0012  Assessment  of  Digital  Control  for  Helicopters — Digital  flight  controls  are 
essential  for  high  performance  in  advanced  military  rotorcraft. 

0013  Correction  and  Use  of  Jitter  in  Television  Images — Suppression  of 
vibrations  and  measurements  of  depth  are  among  potential  uses. 

0014  Efficient  Cavity-Dumped,  Frequency-Doubled  Nd:YAG  Laser — Undoubled 
light  is  returned  to  the  primary  cavity.  (Licensing  Opportunity) 

0015  Etalons  Help  Select  Modes  of  Laser  Diodes — Stability  under  changes  of 
temperature  and  current  is  increased. 

0016  Field-Sequential  Color  Converter — Size,  weight,  and  power  consumption 
are  reduced. 

0017  Generalized  Multiple-Tressis-Coded  Modulation — Performance  exceeds 
that  of  conventional  trellis-coded  modulation.  (Licensing  Opportunity) 

0018  Four-Mode  Squeezing  for  Optical  Communications — Quantum  noise  and 
vulnerability  to  nonquantum  noise  can  be  reduced.  (Licensing  Opportunity) 

0019  Hybrid  Analog/Digital  Receiver — Intermediate-frequency  signals  are 
processed  directly  by  digital  means.  (Licensing  Opportunity) 

0020  Multichannel,  Active  Low-Pass  Filters — Multichannel  integrated  circuits  are 
cascaded  to  obtain  matched  characteristics.  (Licensing  Opportunity) 

0021  Monolithic  Microwave  Switching  Matrix — A  packaged  circuit  chip  switches 
with  little  crosstalk  and  can  be  stacked  with  others. 

0022  Multiple-Baseline  Interferometric  Synthetic-Aperature  Radar — 
Performances  of  spaceborne  systems  and  effects  of  phase  errors. 

0023  Pulse-Population  Modulation  for  Induction  Machines — Low-frequency 
waveforms  are  synthesized  as  needed  from  a  high-frequency  power 
supply.  (Licensing  Opportunity) 

0024  Radar  Polarimeter  Measures  Orientations  of  Retroreflectors — Polarization 
signatures  of  targets  are  to  be  compared  with  known  signatures  at  known 
angles. 

0025  Range  Filtering  for  Navigation  by  Satellite 

0026  Relationship  Between  Latchup  and  Transistor  Current  Gain — A  commonly 
stated  condition  on  the  sum  of  as  is  found  to  be  erroneous. 

0027  Spatial  Modulation  of  Light  in  GaAS — An  image  is  transferred  from  one 
beam  of  light  to  another.  (Licensing  Opportunity) 

0028  Synchronous  Half-Wave  Rectifier — An  active  circuit  acts  like  a  highly 
efficient  diode. 

Testing  &  Instrumentation 

0029  Hotspot  Endurance  of  Solar-Cell  Modules — A  procedure  for  evaluating 
modules  for  use  with  concentrators  is  now  available. 

0030  Twisted  Pair  of  Insulated  Wires  Senses  Moisture — Sensitivity  to  low  levels 
of  moisture  is  increased.  (Licensing  Opportunity) 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

A       (Formerly  the  National  Bureau  of  Standards) 

w        U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 

Improving  Purity  of  Diode  Lasers 


Using  optical  feedback  and  electronic  techniques,  NIST  scientists  have  achieved  a  10,000-fold 
improvement  on  the  color  purity  of  commercial  diode  lasers.    Typical  diode  lasers  have  spectral 
linewidths  -  the  range  of  colors  emitted  -  that  are  tens  of  megahertz  wide;  NIST  scientists  obtained 
linewidths  of  less  than  1  kilohertz.    The  techniques  also  automatically  stabilize  the  laser's 
oscillation  frequency.    The  narrow  linewidths  and  frequency  stabilization  make  the  diode  lasers, 
which  have  low  cost  and  high  efficiency,  attractive  for  applications  in  high-resolution  spectroscopy 
and  precision  measurements.    Narrow  laser  linewidth  will  also  be  a  key  feature  in  the  next 
generation  of  lightwave  communication  technologies.    Additional  studies  involving  modification  of 
the  diode  lasers  -  such  as  changes  in  the  antireflective  coatings  -  will  be  undertaken. 

FOR  ADDITIONAL  INFORMATION:  Two  papers  outlining  some  of  the  techniques  are  available  from  Jo 
Emery,   NIST,   Division   104,   Boulder,  Colo.  80303;  303/497-3237. 
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Adjusting  Surfaces  of  Large  Antenna  Reflectors 

A  new  approach  is  more  effective  than  the  traditional  rms-surface-distortion  approach. 


In  the  design  and  operation  of  large  an- 
tenna reflectors  for  use  in  outer  space,  a 
principal  issue  is  the  precise  control  of  the 
shape  of  the  reflector  surface  required  to 
guarantee  satisfactory  electromagnetic 
(EM)  performance.  While  the  need  to  con- 
trol the  shape  is  clear,  the  implementation 
is  a  subject  of  current  research.  In  the  past, 
the  link  between  the  loss  of  performance  of 
an  antenna  and  deformation  of  the  struc- 
ture of  the  antenna  has  been  based  on 
classical  formulas  in  which  the  loss  is  re- 
lated to  the  root-mean-square  (rms)  value 
of  the  distortion  of  the  surface.  Although  a 
reduction  in  this  rms  value  has  a  significant 
effect  on  the  gain,  it  does  not  necessarily 
improve  such  other  performance  parame- 
ters as  the  shape  or  pointing  direction  of 
the  beam  and  the  levels  and  distribution  of 
side  lobes,  which  depend  upon  the  details 
of  the  distortion  throughout  the  surface  of 
the  reflector. 

There  is  a  new  optimization  procedure 
for  control  of  the  shape  of  the  reflector  of  a 
large  space  antenna  (LSA).  The  main  fea- 
ture that  distinguishes  this  procedure  from 
previous  ones  is  that  the  shape-controlling 
mathematical  mechanism  is  driven  by  the 
need  to  satisfy  explicit  EM  design  require- 
ments rather  than  implicit  limits  on  the  rms 
accuracy  of  the  surface. 


The  procedure  uses  standard  finite-ele- 
ment structural  analysis,  aperture-inte- 
gration EM  analysis,  and  constrained  opti- 
mization techniques  to  predict  a  set  of 
actuator  inputs  that  will  improve  the  per- 
formance of  an  antenna  while  minimizing 
the  applied  control  effort.  The  procedure 
was  tested  for  a  55-meter  tetrahedral-truss 
antenna  designed  for  a  microwave-radi- 
ometer mission.  A  radiometer  design  is  an 
attractive  test  case  because  remote  sens- 
ing is  a  driving  force  behind  NASA's  in- 
terest in  LSA  systems  and  because  the 
constraints  on  EM  performance  are  both 
critical  and  difficult  to  achieve. 

In  this  test  case,  the  shape  of  the  sur- 
face of  the  radiometer  is  controlled  by  a  set 
of  actuators  that  can  lengthen  or  shorten 
individual  members  of  the  backup  struc- 
ture. The  optimization  procedure  must  se- 
lect a  set  of  actuator  inputs  that  smooths 
the  surface  of  the  reflector  enough  to  satis- 
fy criteria  for  EM  performance  while  mini- 
mizing the  total  actuator  effort.  The  results 
indicate  that  this  procedure  produces  a 
much  better  set  of  actuator  inputs  than 
does  the  traditional  approach  based  on  con- 
straints on  rms  distortion  of  the  surface. 

*The  procedure  is  applicable  to  a  wide 
variety  of  LSA  concepts.  The  only  assump- 
tion is  that  the  original  distortion  of  the  sur- 


face is  known  precisely  at  a  discrete 
number  of  locations  and  that  the  change  in 
this  distortion  for  a  prescribed  change  in 
actuator  inputs  can  be  predicted.  The 
quality  of  the  optimum  design  can  be  im- 
proved even  further  by  refining  the  finite- 
element  model  of  the  structure,  by  increas- 
ing the  number  of  discrete  points  used  to 
describe  the  surface  of  the  reflector,  and 
by  increasing  the  accuracy  of  calculations 
of  EM  performance. 

This  work  was  done  by  Sharon  L 
Padula,  Howard  M.  Adelman,  and  Marion 
C.  Bailey  of  Langley  Research  Center 
and  Raphael  T.  Hoftka  of  Virginia 
Polytechnic  Institute  and  State  University. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13851/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Assessment  of  Digital 
Control  for  Helicopters 

Digital  flight  controls 
are  essential  for  high 
performance  in  advanced 
military  rotorcraft. 

A  report  provides  an  assessment  of  digi- 
tal electronic  flight-control  technology  for 
advanced  helicopters  intended  for  use  in 
combat.  The  overall  goal  is  to  describe 
practical  methods  for  the  analysis  of  high- 
gain  digital  control  systems,  with  a  view 
toward  reducing  the  dependence  on  the 
flight  tests  and  postdesign  modifications 
that  are  commonplace  in  the  development 
of  first-generation  digital  systems  for  air- 
planes. 

Digital  flight-control  systems  are  critical 
to  the  success  of  the  mission  of  advanced 
combat  rotorcraft.  Single-pilot  and  nap-of- 
the-Earth  operations  require  handling  qual- 
ities that  minimize  the  involvement  of  the 
pilot  in  the  basic  tasks  of  stabilization.  Full- 
authority,  high-frequency,  high-gain,  multi- 
mode,  multiply  redundant  digital  flight-con- 
trol systems  are  necessary  to  satisfy  these 
requirements.  The  work  described  in  this 
report  is  part  of  the  effort  to  make  the  tran- 
sition from  the  current  low-authority,  low- 
bandwidth  flight-control  technology  to  the 
technology  that  will  satisfy  these  re- 
quirements. 

The  report  reviews  the  state  of  the  art  of 
high-bandwidth  digital  flight-control  sys- 
tems for  airplanes,  with  emphasis  on  topics 
of  concern  for  the  development  of  such 
systems  for  modern  combat  helicopters. 


Important  aspects  of  the  design  and  analy- 
sis of  high-gain  digital  systems  are  illustrat- 
ed by  use  of  results  from  a  detailed  study  of 
a  current  rotorcraft  system.  Frequencyclo- 
main  methods  for  design  and  analysis  are 
stressed  as  being  essential  for  the  prac- 
tical implementation  of  high-gain  control 
systems  for  rotorcraft.  There  is  a  descrip- 
tion of  approximate  and  exact  methods  for 
prediction  of  the  behaviors  of  digital  flight- 
control  systems. 

The  following  are  among  the  conclu- 
sions reached  during  the  study: 
•The  attainable  bandwidth  of  high-gain 
flight-control  systems  has  consistently 
been  overestimated  in  design  studies;  this 
overestimation  is  generally  not  exposed 
until  the  equipment  is  tested  in  flight. 

•  Delays  in  responses  to  commands  have 
historically  been  principal  causes  of  defi- 
ciencies in  the  handling  qualities  of  high- 
bandwidth  control  systems.  Such  defi- 
ciencies are  generally  not  exposed  in 
piloted  simulations  conducted  during  the 
preliminary  design  phase.  Therefore,  care- 
ful design  and  analysis  are  needed  to  an- 
ticipate and  minimize  unnecessarily  long 
delays. 

•  Rotorcraft  are  especially  susceptible  to 
biodynamic  interference  effects  because 
of  high  levels  of  rotor  and  structural  vibra- 
tion. 


•  Frequency-domain  mathematical  model- 
ing and  analysis  are  effective  for  devel- 
opment of  the  physical  understanding 
needed  to  make  practical  high-bandwidth 
control  systems. 

•Block  diagrams  developed  in  the  pre- 
liminary design  phase  must  anticipate  the 
numerous  special  elements  of  a  practical 
digital  system  to  reduce  the  heavy  and 
costly  reliance  on  redesign  and  optimiza- 
tion of  design  during  the  flight-testing 
phase. 

•  Emulation  analysis  (which  involves  an 
analog  haif-sample-period-delay  approxi- 
mation of  the  performance  of  an  analog- 
tc-digital  converter)  is  useful  in  preliminary 
design  and  performance  tradeoff  studies, 
but  direct  digital  analysis  is  necessary  to 
evaluate  accurately  the  many  important 
high-frequency  dynamic  characteristics 
of  a  modern  digital  system. 

•  The  methods  of  analysis  presented  in  the 
report  require  the  availability  of  flexible,  in- 
teractive computational  tools. 

This  work  was  done  by  M.B.  Tischler 
of  Ames  Research  Center.  "Assess- 
ment of  Digital  Flight  Control  for  Advanced 
Combat  Rotorcraft. " 
ARC-12187/TN 
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The  Motion  of  the  Television  Camera  would  be  measured  and/or  controlled  to  compensate 
for  motion  in  the  image  and/or  extract  useful  information  from  it. 


Correction  and  Use  of  Jitter  in  Television  Images 

Suppression  of  vibrations  and  measurements  of  depth  are  among  potential  uses. 

A  proposed  system  would  stabilize  a  jit- 
tering television  image  and/or  measure  the 
jitter  to  extract  information  on  the  motions 
of  objects  in  the  image.  In  an  alternative 
version,  the  system  would  control  the 
lateral  motion  of  the  camera  to  generate 
stereoscopic  views  to  measure  distances 
to  objects.  In  yet  another  version,  the  mo- 
tion of  the  camera  would  be  controlled  to 
keep  an  object  in  view. 

The  heart  of  the  system  would  be  a  digi- 
tal image-data  processor  called  a  "Jitter- 
miser"  (for  jitter  minimizer),  which  would  in- 
-  elude  a  frame  buffer  and  logic  circuits  to 
correct  for  jitter  in  the  image  (see  figure). 
Signals  from  motion  sensors  on  the  cam- 
era would  be  sent  to  the  logic  circuits  and 
processed  into  corrections  for  motion 
along  and  across  the  line  of  sight.  These 
would  include  the  zoom  setting  of  the  lens, 
which  would  Drovide  data  for  scaling  the 
motion  of  the  image  to  the  motion  of  the 
camera.  The  logic  circuits  would  expand, 
contract,  and/or  laterally  shift  the  image  to 
compensate  for  the  motions  of  the  camera 
so  that,  when  transmitted  to  the  television 
monitor,  the  image  would  contain  only  the 
true  motion  in  the  scene. 

If  the  buffer  and  logic  circuits  take  too 
long  to  correct  for  the  jitter,  they  could  rein- 
troduce jitter  into  the  image.  If,  for  example, 
the  corrected  image  lags  n  frames  behind 
the  motion  signals,  this  jitter  would  repre- 
sent the  difference  between  the  locations 
and  orientations  of  the  camera  at  present 
and  n  frames  ago.  When  this  jitter  be- 
comes unacceptable,  the  system  could  re- 
spond by  selecting  a  less-complete,  faster 


image-processing  algorithm. 

The  image-processing  capability  could 
be  exploited  to  stabilize  only  a  portion  of  a 
jittering  image  —  for  example,  to  get  a  sta- 
tionary view  of  a  vibrating  object.  By  use  of 
a  keyboard,  joystick,  or  other  control,  one 
could  select  the  coordinates  of  a  compo- 
nent so  that  the  processor  could  locate  the 
component  digitally  in  its  frame  buffer. 
Thereafter,  the  processor  would  shift  the 
image  digitally  to  keep  the  component  at 
the  same  position  on  the  television  screen, 
whether  or  not  the  camera  is  jittering.  This 
function  could  be  combined  with  feedback 
control  of  the  camera  to  keep  a  moving  ob- 
ject within  view.  The  outputs  of  the  system 
could  include  data  on  the  motion  of  the  ob- 
ject —  for  example,  the  velocity  of  a  bal- 
loon as  a  measure  of  wind. 

For  the  measurement  of  distances  to 


objects  or  for  stereoscopic  viewing,  the 
processor  would  both  control  and  meas- 
ure the  lateral  motion  of  the  camera.  From 
the  parallax  motions  of  each  component  of 
the  image,  the  distance  from  the  camera  to 
the  corresponding  object  could  be  com- 
puted. The  processor  could  then  superim- 
pose depth  labels  on  the  television  image 
to  show  the  distance  to  each  object  of  in- 
terest. The  processor  could  shift  the  com- 
ponents of  the  image  so  that  they  would 
appear  at  their  true  depths  when  viewed 
stereoscopically. 

This  work  was  done  by  Daniel  B.  Diner 
and  Derek  H.  Fender  of  Caltech  and  Antony 
R.  H.  FenderofLAMA  Engineering,  Inc.,  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17499/TN 
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Efficient  Cavity-Dumped,  Frequency-Doubled  Nd:YAG  Laser 

Undoubled  light  is  returned  to  the  primary  cavity. 


A  new  design  is  expected  to  increase 
the  efficiency  of  a  cavity-dumped,  frequen- 
cy-doubled Nd:YAG  laser.  The  frequency- 
doubling  crystal  is  placed  outside  the  pri- 
mary resonator  cavity  to  reduce  the  loss 
that  It  would  cause  if  placed  there,  and  the 
light  In  the  external  frequency-doubling 
cavity  at  the  fundamental  laser  frequency 
(the  "undoubled"  light)  is  returned  to  the 
primary  resonator  cavity  to  contribute  ad- 
ditional laser  gain. 

The  primary  resonator  cavity  is  bounded 
by  mirrors  1  and  2  and  contains  an  electro- 
optical  modulator,  an  Nd:YAG  laser  rod, 
and  a  polarizing  beam  splitter  (see  figure). 
Mirrors  1  and  3  define  the  secondary  res- 
onator cavity,  part  of  which  coincides  with 
part  of  the  primary  resonator  cavity  and  the 
rest  of  which  contains  the  external  fre- 
quency-doubling crystal. 

As  in  normal  cavity  dumping,  energy  at 
the  fundamental  laser  frequency  (wave- 
length of  1.064  jim)  is  stored  in  the  photon 
field  of  the  primary  resonator;  pulses  of 
light  are  extracted  from  the  primary  reso- 
nator by  application  of  switching  voltage 
pulses  to  the  electro-optical  modulator.  The 
polarizing  beam  splitter  polarizes  horizon- 
tally the  initial  beam  of  light  on  the  optical 
path  of  the  primary  resonator. 

The  application  of  the  transverse  switch- 
ing electric  field  to  the  electro-optical  mod- 
ulator introduces  a  quarter-wave  retarda- 
tion to  the  beam.  A  double  pass  through 
the  modulator  causes  a  half-wave  phase 
shift  and  concomitantly  rotates  the  po- 
larization to  vertical.  The  vertically  polar- 
ized light  is  reflected  by  the  beam  splitter 
out  of  the  primary  resonator  and  through 
the  frequency-doubling  crystal,  which  ro- 
tates the  polarization  of  the  doubled  por- 
tion of  the  light  by  90°. 

Mirror  3  reflects  the  doubled  and  un- 
doubled light  back  toward  the  beam  split- 
ter, which  is  dlchroic  and  allows  the 
doubled  light  to  pass  through.  Because  the 
undoubled  reflected  light  is  still  vertically 
polarized,  It  is  reflected  by  the  beam  splitter 
back  into  the  primary  resonator.  As  long  as 
the  electric  field  remains  on  in  the  electro- 
optical  modulator,  this  returned  light  is  ro- 
tated back  to  horizontal  polarization  and  re- 
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In  the  Cavity-Dumped,  Frequency-Doubled  Nd:YAG  Laser,  the  frequency  Is  doubled  outside 
the  primary  laser  resonator,  and  the  portion  of  fundamental-frequency  light  not  used  by  the 
doubler  Is  returned  to  the  primary  laser  cavity  to  Increase  the  efficiency. 


turned  to  the  Initial  beam.  Applications  of 
this  laser  are  foreseen  in  data  communica- 
tions, laser  ranging,  studies  of  the  at- 
mosphere, remote  sensing,  and  laboratory 
studies. 

This  work  was  done  by  D.  L  Robinson 
and  D.  L.  Slpes  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  Invention.  Inquiries  concerning  rights 
for  Its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mall  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17286/TN. 
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Etalons  Help  Select  Modes  of  Laser  Diodes 

Stability  under  changes  of  temperature  and  current  is  increased. 


An  external  etalon  aligned  with  a  laser 
diode  can  provide  optical  feedback  that 
enhances  the  stability  of  operation  in  one 
or  a  few  of  the  longitudinal  laser  modes. 
The  selection  of  longitudinal  modes  is  nec- 
essary to  keep  wavelengths  within  the  re- 
quired ranges  for  optical  communication 
systems  and  other  systems  that  involve  the 
wavelength-dependent  combination  of 
laser  beams.  The  mode-selection  problem 
arises  because  the  output  of  a  typical  laser 
diode  contains  multiple  longitudinal  modes 
and/or  hops  from  one  mode  to  another  as 
the  temperature  or  the  diode  current 
changes. 

The  etalon  provides  an  amount  of  feed- 
back that  varies  periodically  with  wave- 
length. The  superposition  of  this  feedback 
on  the  gain  versus  wavelength  of  the  laser 
diode  reduces  the  threshold  loss(es)  of  the 
mode(s)  near  the  peak(s)  of  the  feedback 
vs.  wavelength  more  than  it  reduces  the 
threshold  loss(es)  of  other  modes.  Conse- 
quently, lasing  in  the  mode(s)  near  the  feed- 
back peak(s)  is  favored  over  lasing  in  other 
modes.  The  etalon  also  helps  to  increase 
stability  by  reducing  the  sensitivity  to  minor 
feedback  from  external  objects  other  than 
the  etalon  itself. 

The  figure  illustrates  an  experimental  con- 
figuration used  to  test  the  etalon-feedback 
concept  with  two  types  of  AIGaAs  laser 
diodes.  The  cover  glass  of  each  diode  was 
removed.  The  clear  room-temperature-vul- 
canizing silicone-rubber  adhesive  provided 
a  good  match  between  the  indices  of  re- 


fraction of  the  diode  and  of  the  uncoated, 
fused-silica  etalon.  The  thickness  of  the 
etalon  was  chosen  to  obtain  feedback  with 
intensity  peaks  1.9  nm  (5  to  6  longitudinal 
modes)  apart  in  wavelength. 

Measurements  were  performed  on 
three  types  of  commercial  AIGaAs  laser 
diodes.  Two  of  these  were  tested  both 
without  and  with  the  external  etalon.  The 
third,  of  a  type  called  "thin,  tapered 
thickness"  (TTT),  was  tested  without  the 
external  etalon,  in  its  original  package. 
Without  the  external  etalon,  the  first  two 
diodes  exhibited  hops  to  longitudinal 
modes  two  to  three  modes  away,  consis- 
tent with  etalon  feedback  from  their  cover 
glasses.  The  mode  hops  of  the  TTT  diode 
were  larger  because  of  what  amounts  to  in 
effect  an  etalon  within  the  diode  structure. 
That  is  why  the  external  etalon  was  not 
used  with  this  diode. 

With  the  external  etalon,  the  first  three 
laser  diodes  put  out  single  modes,  without 
hops,  over  temperature  ranges  of  8  °C  in 
continuous-wave  operation  and  4°C  in 
pulsed  operation,  with  0.07  nm/°C  tuning. 
The  unmodified  TTT  diode  put  out  a  single 
mode  over  temperature  ranges  of  10  °C 
(continuous-wave)  and  2  °C  (pulsed),  with 
0.08  nm/°C  tuning.  The  time-resolved  be- 
havior of  both  types  of  laser  diodes  showed 
single-mode  lasing  within  the  proper  tem- 
perature ranges,  with  minor  modes  pres- 
ent only  early  in  the  pulse  if  at  all.  Prelimi- 
nary aging  tests  indicate  stability  to  within 
one  longitudinal  mode  after  a  few  hundred 
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The  External  Fabry-Perot  Etalon  provides 
feedback  that  helps  to  stabilize  the  opera- 
tion of  the  laser  diode  in  a  single  longitudi- 
nal mode.  In  some  laser  diodes,  some  eta- 
lon feedback  is  provided  by  reflections 
from  cover  glasses  and/or  from  internal 
diode  structures. 

hours  of  operation,  and  expected  lifetimes 
of  at  least  several  thousand  hours. 

This  work  was  done  by  William  L. 
Maynard   of  Goddard   Space   Flight 
Center. 
GSC-73235/7A/ 
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Field-Sequential  Color  Converter 

Size,  weight,  and  power  consumption  are  reduced. 


An  electronic  conversion  circuit  ena- 
bles the  display  of  signals  from  a  field-se- 
quential color-television  camera  on  a  color 
video  camera.  Designed  for  incorporation 
into  a  color-television  monitor  on  the  Space 
Shuttle,  the  circuit  weighs  less,  takes  up 
less  space,  and  consumes  less  power  than 
the  previous  conversion  equipment,  which 
had  to  remain  on  the  ground.  The  circuit 
(see  figure),  which  incorporates  state-of- 
the-art  memory  devices,  could  also  be  used 
in  terrestrial  stationary  or  portable  closed- 
circuit  television  systems. 

The  field-sequential  technique  of  encod- 
ing color  video  signals  reduces  the  size, 
weight,  and  power  consumption  of  a  video 
camera  by  requiring  only  one  image  sen- 
sor instead  of  the  usual  three.  A  wheel  in 
front  of  the  camera  lens  holds  a  red,  a 
green,  and  a  blue  filter  and  turns  in  syn- 
chronism with  the  video-field  rate  to  image 
the  red,  green,  and  blue  components  onto 
the  image  sensor  during  successive  video 
fields.  Each  of  the  fields  in  the  resulting 


LI,  and  U2 


video  signal  contains  the  corresponding 
single  color  component.  For  display  on  a 
color  video  monitor,  this  signal  must  be 
converted  to  a  standard  color  video  signal 
that  contains  all  three  colors  simultaneous- 
ly. 

The  first  stage  of  the  converter  performs 
the  balanced-to-unbalanced  conversion, 
amplification,  and  buffering  of  the  input 
video  signal.  One  of  the  U3  dual  voltage 
comparators  provides  the  composite  syn- 
chronization signal,  on  which  two  phase- 
locked  loops  (PLL's)  are  locked.  One  PLL 
locks  a  14.318-MHz  oscillator  to  the  hori- 
zontal-line rate  and  is  used  to  provide  the 
majority  of  the  timing  of  the  circuit.  The 
second  PLL  provides  the  pixel  clock,  which 
has  an  oscillator  selected  to  give  approxi- 
mately 512  sampling  pixels  along  each  ac- 
tive video  line.  This  signal  provides  analog- 
to-digital  (A/D)  and  digital-to-analog  (D/A) 
conversion  sampling  and  line-address- 
counter  clocking. 


Most  of  the  signals  required  for  subse- 
quent timing  and  logic  control  are  provid- 
ed by  a  video-synchronization  generator 
locked  to  the  incoming  video  signal  by  the 
14.318-MHz  PLL.  An  associated  logic  cir- 
cuit maintains  the  even/odd  field  status 
and  vertical-interval  status.  A  9-bit  hori- 
zontal-line-pixel counter  is  built  into  the  left 
programmable-array  logic  (PAL)  circuit, 
which  provides  the  lower  bits  of  static  ran- 
dom-access-memory (SRAM)  addresses. 
The  right  PAL  circuit  contains  an  8-bit 
counter  that  counts  the  video-line  number. 

The  left  PAL  uses  the  pixel-counter  data 
to  derive  the  position  in  the  line  of  a  green- 
field-synchronization  signal.  This  signal  is 
encoded  on  line  18  of  every  third  video  field 
and  indicates  the  start  of  a  field  of  green- 
color  information.  This  command  is  stripped 
off  the  video  data  by  the  second  voltage 
comparator  in  U3.  The  left  PAL  provides  the 
line-18  location,  which  is  logically  com- 
bined with  green-field  synchronization  data 
and  position  to  provide  a  color-field-reset 
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The  Field-Sequential  Color  Converter  processes  field-sequential  color  video  signals  Into  standard  video  signals  that  can  be  used  by  a  color 
video  monitor. 
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signal.  This  signal  is  used  as  a  field-counter 
reset,  indicating  the  start  of  a  green  field  of 
data.  The  signals  for  the  green,  red,  and 
blue  field  lines  are  then  processed  into 
signals  that  control  the  SRAM's. 

Each  of  the  six  SRAM's  serves  as  a 
video-field  buffer.  Six  video  fields  are  re- 
quired to  align  the  three  color  components 


with  their  even  and  odd  video  fields.  Three 
circuits  act  as  "prebuffers"  by  separating 
the  three  color  components  of  the  output 
of  the  A/D  converter.  New  data  from  the 
current  incoming  field  are  written  into 
either  the  even-  or  the  odd-field  memory. 
Data  for  the  other  two  color  components 
are  read  from  the  respective  even-  or  odd- 


field  memory.  The  three  color  components 
of  digital  data  are  sent  to  the  D/A  converter, 
which  produces  an  RS-170  standard  out- 
put for  display  by  a  red/green/blue  color 
monitor. 

This  work  was  done  by  Victor  J.  Studer 
of  Johnson  Space  Center. 
MSC-21346/TN. 
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Generalized  Multiple-Trellis-Coded  Modulation 

Performance  exceeds  that  of  conventional  trellis-coded  modulation. 


A  generalized  multiple-trellis-coded  mod- 
ulation technique  combines  multiple  trellis 
coding  (in  which  more  than  one  channel 
symbol  per  trellis  branch  is  transmitted) 
with  symmetrical  M-ary  phase-shift  keying. 
This  technique  performs  better  than  the 
conventional  trellis-coded  modulation 
technique  does,  with  no  increase  in  com- 
plexity (as  measured  in  the  number  of 
states  in  the  trellis  diagram  of  the  code). 

Figure  1  illustrates  the  encoding-and- 
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Figure  1.  The  Generalized  Multiple-Trellis- 
Coded  Modulation  transmitter  puts  out  k 
M-ary  code  symbols  for  every  b  input  binary 
symbols. 


modulation  scheme.  During  each  trans- 
mission interval,  the  encoder  maps  b  bina- 
ry input  information  bits  into  s  binary  code 
symbols.  These  s  symbols  are  partitioned 
into  k  groups  of  m  =  log2(M)  symbols 
each.  Each  of  these  groups  results  in  an 
M-ary  modulator-output  symbol.  The  only 
constraint  on  these  parameters  is  that  s 
must  equal  mk,  b  is  not  required  to  be  an  in- 
tegral multiple  of  the  multiplicity  k,  the  trel- 
lis-code rate  b/s  need  not  be  a  ratio  of  adja- 
cent integers,  and  the  throughput  b/k  is  not 
constrained  to  be  an  integer,  as  in  conven- 
tional trellis-coded  modulation. 

The  performance  of  a  coding-and-mod- 
ulation  scheme  of  the  new  type  is  charac- 
terized by  comparing  its  throughput  per- 
formance, b/k,  with  the  computational  cut- 
off rate,  R0,  of  the  transmission  channel  as 
functions  of  the  ratio  Es/N0  or  Et/N0  re- 


quired to  obtain  an  arbitrary  small  bit-error 
rate.  Here  £s  is  the  symbol  energy,  N0  is  the 
noise  energy  received  during  one  symbol 
period,  Eb  is  the  bit  energy,  and  Es  =  (b/k) 
Eb.  Such  a  comparison  was  done  by  a 
computer  simulation  for  binary-,  quadra- 
ture-, and  8-phase-shift  keying  (BPSK, 
QPSK,  and  8PSK)  channels  with  various 
values  of  b  and  k.  Figure  2  shows  that  at  a 
given  level  of  performance,  these  multiple- 
trellis-coded  modulation  schemes  all  re- 
quire lower  signal-to-noise  ratios  E  /N 
than  do  the  corresponding  unccded  modu- 
lation schemes. 

This  work  was  done  by  D.  Divsalar  and 
M.  K.  Simon  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
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A  —  (b  =  1,  k  =  1,  16  States) 

B  —  (b  =  1,  k  =  1,  8  States) 

C  —  (b  =  6,  k  =  4,  4  States) 

D  —  (b  =  9,  k  =  4,  8  States) 

E  —  (b  =  7,  k  =  4,  16  States) 

F  —  (b  =  7,  k  =  4,  8  States) 

G  —  (b  =  2,  k  =  1,  16  States) 

H  —  (b  =  2,  k  =  1,  2  States) 

I  —  (b  =  2,  k  =  2,  2  States) 

J  —  (b  =  8,  k  =  4,  2  States) 

K  —  (b  =  12,  k  =  4,  2  States) 
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L   —  (b  =  8,  k  =  4,  32  States) 
M  —  (b  =  9,  k  =  4,  4  States) 
N  —  (b  =  5,  k  =  2,  16  States) 
O  —  (b  =  5,  k  =  2,  8  States) 
P  —  (b  =  10,  k  =  4,  4  States) 
Q  —  (b  =  10,  k  =  4,  2  States) 
R  —  (b  =  5,  k  =  2,  2  States) 
S  —  (b  =  11,  k  =  4,  8  States) 
T  —  (b  =  11,  k  =  4,  4  States) 
U  —  (b  =  11,  k  =  4,  2  States) 
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Figure  2.  The  Throughput  Performances,  b/k,  of  trellis-coded  multiple-phase-shift-keying 
channels  are  compared  with  the  computational  cutoff  rates,  R0,  of  multiple-phase-shift  key- 
ing. The  numbers  of  states  noted  above  are  those  of  the  code  trellises. 
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Four-Mode  Squeezing  Is  produced  In  this  experimental  apparatus  by  four-wave  mixing  In  the  optical  fiber. 


Four-Mode  Squeezing  for  Optical  Communications 

Quantum  noise  and  vulnerability  to  nonquantum  noise  can  be  reduced. 

Experiments  have  demonstrated  the  po- 
tential of  four-mode  squeezing  (a  special 
example  of  ultrasqueezing)  for  increasing 
the  immunity  to  noise  in  fiber-optical  com- 
munication systems  and  interferometric 
devices.  Four-mode  squeezing  reduces 
quantum  noise  more  than  does  ordinary 
(two-mode)  squeezing  and  provides  partial 
immunity  to  non-quantum-mechanical 
phase  noise  that  arises  in  such  media  as 
optical  fibers.  Ultrasqueezing  can  be  a 
strong  effect,  even  in  devices  in  which  ordi- 
nary squeezing  is  a  weak  effect. 

Four-mode  squeezing  in  a  fiber  or  other 
Kerr  medium  is  the  product  of  a  four-wave 
mixing  interaction.  The  transmitter  is  a  pair 
of  modulated  oscillators,  which  pump  a  non- 
linear medium  at  two  well-separated  optical 
carrier  frequencies.  (Two-mode  squeezing 
involves  pumping  at  a  single  optical  carrier 
frequency.)  The  sidebands  of  each  pump 
frequency  interact  with  each  other  and 
with  those  of  the  other  pump  frequency. 
The  resulting  nonclassical  four-mode  cor- 
relations produce  light  that  is  squeezed  in  a 
quantum  mechanical  sense.  The  quantity 
measured  by  a  dual-frequency  homodyne 
detector  has  smaller  fluctuation  than 
would  be  measured  with  light  from  a  per- 
fectly stable  (except  for  quantum  fluctua- 
tions) laser  or  with  no  light  at  all;  i.e.,  vacu- 
um. 

The  figure  illustrates  schematically  an 
apparatus  used  in  fiber  experiments  of 
four-mode  squeezing.  The  oscillator  sig- 
nals were  at  the  647-nm  and  676-nm  laser 
wavelengths  of  singly  ionized  krypton.  Both 
signals  were  coupled  into  a  114-m  single- 
mode  optical  fiber,  a  nonlinear  Kerr  medi- 
um. The  fiber  was  maintained  at  a  temper- 
ature of  2  K  to  suppress  thermal  noise.  A 
resonant  phase  modulator  was  used  to 
broaden  the  spectrum  of  each  oscillator 
signal  to  avoid  the  stimulated  Brillouin  ef- 
fect. (The  strong  phase  modulation  did  not 
interfere  with  the  squeezing  because  the 
relative  phases  of  all  significant  excitations 
were  preserved.)  Typical  power  levels  at 


the  exit  of  the  fiber  were  140  to  160  mVV  at 
647  nm  and  50  to  60  mW  at  676  nm. 

After  passing  through  the  fiber,  the  two 
wavelengths  were  separated  by  a  prism. 
One  of  the  wavelengths  was  incident  di- 
rectly on  photodiode  D1  in  a  heat  sink.  The 
other  wavelength  was  reflected  from  a 
phase-shifting  cavity  (optical  phase  shift  <t>), 
then  detected  by  photodiode  D2.  The 
signals  from  both  photodiodes  were  ampli- 
fied, and  the  amplified  signal  from  D2was 
subjected  to  a  variable  electrical  phase 
shift  $  before  the  currents  from  the  two 
amplifiers  were  combined. 

Experimental  runs  were  distinguished 
by  whether  the  less  powerful  beam  (type  I 
run)  or  the  more  powerful  beam  (type  II  run) 
was  directed  toward  the  phase-shifting 
cavity  and  detector  D2.  The  combined  de- 
tector outputs  in  the  both  types  of  runs  ex- 
hibited four-mode  squeezing,  with  the 
noise  dipping  to  20  ±2  percent  below  the 
vacuum  level.  The  type  II  runs  gave  more 
dramatic  evidence  of  the  effect  of  four- 
mode  over  two-mode  cancellations  in  pro- 
ducing the  noise  reduction.  When  4>  =  0, 
the  parametric-mixing  interaction  respon- 
sible for  two-mode  squeezing  reduced  the 
net  noise  level  near  the  optical  phase  of  the 
four-mode-squeezing  minimum,  while  when 
<fr  =  tt/2,  these  effects  opposed  each  other. 

Phase  noise  due  to  thermal  fluctuations 
of  the  index  of  refraction  of  the  fiber,  which 
is  the  major  obstacle  to  the  observation  of 
four-mode  squeezing,  was  minimized  by 


choosing  the  optical  phase  shift  <t>,  the  os- 
cillator powers,  and  the  amplifier  gains  so 
that  the  negative  correlation  between  the 
two  photocurrents  predominated  over  the 
thermal  phase-noise  contribution  from  D2. 
Under  these  conditions,  appreciable  sup- 
pression of  quantum  noise  due  to  four- 
mode  squeezing  could  be  observed. 

This  work  was  done  by  Bonny  L. 
Schumaker  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory.  For  further  infor- 
mation, Circle  58  on  the  TSP  Request  Card. 
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Hybrid  Analog/Digital  Receiver 

Intermediate-frequency  signals  are  processed  directly  by  digital  means. 


An  advanced  hybrid  analog/digital  re- 
ceiver processes  intermediate-frequency 
(IF)  signals  that  carry  digital  data  in  the 
form  of  phase  modulation.  The  receiver  is 
intended  for  use  in  the  Deep  Space  Net- 
work, but  presumably  the  basic  design 
could  be  modified  for  such  terrestrial  uses 
as  communications  or  laboratory  instru- 
mentation where  signals  are  weak  and/or 
noise  is  strong. 

The  receiver  uses  IF  sampling  and  digi- 
tal phase-locked  loops  to  track  the  carrier 
and  subcarrier  signals  and  to  synchronize 
the  data  symbols.  The  digital  processing 
scheme  avoids  such  inherent  deficiencies 
of  analog  systems  as  dc  offsets  in  mixers 
and  amplifiers  and  the  need  for  precise 
radio-frequency  (RF)  calibration  and  ad- 
justment. In  addition,  the  digital  scheme 
provides  more  flexibility  and  reliability  while- 
reducing  the  size  and  cost  of  the  receiver. 

The  receiver  (see  figure)  consists  of 
three  modules:  an  IF  assembly,  a  signal- 
processing  assembly,  and  a  test-signal  as- 


sembly. The  IF  assembly  performs  the  IF 
sampling  and  serves  as  the  point  of  closure 
for  the  carrier  and  symbol  feedback  loops. 
The  signal-processing  assembly  contains 
all  of  the  digital  signal-processing  hard- 
ware and  software  necessary  to  operate 
the  feedback  loops.  The  test-signal  assem- 
bly provides  modulated  IF  signals  to  test 
the  other  two  assemblies. 

In  the  IF  assembly,  the  carrier  is  not 
demodulated  to  analog  baseband  for  the 
detection  of  phase  but  instead  is  locked  in 
phase  to  one-quarter  of  the  sampling 
clock,  or  roughly  5  MHz.  This  signal  is  then 
digitized  and  passed  to  the  signal-proc- 
essing assembly  for  demodulation  and 
phase  detection.  This  technique  removes 
the  effect  of  any  bias  in  the  analog-to-digi- 
tal converter  because  the  dc  component  is 
out  of  band  when  the  signal  is  digitally 
mixed  to  baseband.  Locking  to  a  submulti- 
ple  of  the  sample  rate  also  eases  the  imple- 
mentation of  the  carrier-demodulation 
function. 
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The  signal-processing  assembly  per- 
forms the  digital  operations  that  implement 
the  phase  detectors  and  loop  filters  for  the 
carrier,  subcarrier,  and  symbol  loops.  It 
also  contains  hardware  and  software  for 
fast  acquisition  and  estimation  of  the  pa- 
rameters of  signals. 

In  the  test-signal  assembly,  the  refer- 
ence frequencies  can  be  generated  by 
internal  oscillators  that  supply  fixed  fre- 
quencies or  by  external  synthesizers.  An 
internal  noise  generator  injects  noise  into 
the  signal.  Signal-to-noise  ratios  and  modu- 
lation indices  are  controlled  by  attenua- 
tors. 

This  work  was  done  by  D.  H.  Brown  and 
W.J.  Hurd  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
NASA  Resident  Office-JPL  Refer  to 
NP0-17262/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


The  Hybrid  Receiver  incorporates  advanced  signal-processing  technology  for  reliability,  flexibility,  and  compactness.  The  functions  of  the  in- 
termediate-frequency and  signal-processing  assemblies  are  implemented  digitally  by  a  combination  of  high-speed  computer  equipment  and 
computer  programs. 
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Multichannel,  Active  Low-Pass  Filters 

Multichannel  integrated  circuits  are  cascaded  to  obtain  matched  characteristics. 


The  gain  and  phase  characteristics  of 
the  channels  of  a  multichannel,  multistage, 
active,  low-pass  filter  can  be  matched  by 
making  the  filter  of  cascaded  multichannel 
integrated-circuit  operational  amplifiers. 
This  concept  takes  advantage  of  inherent 


equality  of  electrical  characteristics  of 
nominally-identical  circuit  elements  made 
on  the  same  integrated-circuit  chip.  More- 
over, the  characteristics  of  the  channels 
vary  identically  with  changes  in  tempera- 
ture. 

Dual-Operational -Amplifier 
Integrated-Circuit  Chips 


The  concept  was  motivated  by  the  de- 
sign requirements  of  a  radar-target  simula- 
tor for  use  at  frequencies  from  200  Hz  to 
450  kHz  to  process  Doppler  modulation. 
The  gain  and  phase  characteristics  of  the 
two  channels  in  the  simulator  had  to  be  as 


o 


• 


-3dB  at  410  kHz 


• 


-  l7.1dB  at  1  MHz 


34.9dB  at  2  MHz 


Frequency 

This  Cascade  of  Dual-Operational-Amplifier  Integrated  Circuits  constitutes  a  dual-channel  active  low-pass  filter  having  a  410-kHz  3-dB-cut- 
off  frequency  and  a  30-dB/octave  rolloff.  The  gain  and  phase  of  channel  A  match  those  of  channel  B.  Although  the  operational  amplifiers  in 
this  filter  are  adjusted  for  unit  gain,  a  larger  gain  would  produce  a  similarly  flat  response  in  the  passband. 
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closely  matched  as  possible;  otherwise, 
gain  and  phase  errors  would  degrade  the 
rejection  of  sidebands. 

Each  stage  in  each  channel  of  the  active 
filter  consists  of  an  operational  amplifier 
set  for  unit  gain.  The  operational  amplifier 
provides  a  flat  response  in  the  passband 
and  a  smooth  transition  from  passband  to 
stopband.  Five  two-channel  operational 
amplifiers  are  cascaded  to  produce  the  re- 
quired cutoff  frequency  and  30-dB/octave 
rolloff  rate  for  each  channel  (see  figure). 

If  such  a  filter  were  made  of  discrete 
components,  it  would  be  extremely  bulky 


because  of  the  sizes  of  components  re- 
quired for  operation  at  the  low  frequencies 
in  the  passband.  Moreover,  it  would  be  diffi- 
cult and  expensive  to  match  every  part 
with  the  corresponding  part  in  the  other 
channel. 

If  additional  matched  channels  are  need- 
ed, chips  containing  more  than  two  opera- 
tional amplifiers  apiece  (e.g.,  commercial 
quad  operational  amplifiers)  could  be  used. 
The  concept  is  applicable  to  a  variety  of 
equipment  requiring  matched  gain  and 
phase  in  multiple  channels  —  radar,  test 
instruments,  communication  circuits,  and 


equipment  for  electronic  countermeas- 
ures. 

This  work  was  done  by  James  J.  Lev 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17290/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Monolithic  Microwave  Switching  Matrix 

A  packaged  circuit  chip  switches  with  little  crosstalk  and  can  be  stacked  with  others. 


A  gallium  arsenide  integrated-circuit 
chip  switches  any  of  three  microwave  in- 
put signals  to  any  of  three  output  ports. 
Measuring  4.9  mm  on  a  side,  the  chip  con- 
tains nine  field-effect  transistor  (FET) 
crosspoint  switches.  It  is  housed  in  a 
custom-designed  package  (see  figure)  with 
standard  connectors  for  easy  integration 
into  a  system. 

Potential  applications  include  switching 
and  routing  vast  amounts  of  data  between 
computers  at  extremely  high  speed.  On  a 
communication  satellite,  the  chip  could 
switch  microwave  signals  to  and  from 
Earth  stations  and  other  satellites. 

The  FET's  on  the  chip  are  operated  as 
passive  switches  and  consume  no  static 
power  and  insignificant  amounts  of  switch- 
ing power.  The  chip  and  package  provide 
about  60  dB  of  isolation  between  channels 
over  the  range  of  a  signal  frequencies  from 
3.5  to  6  GHz.  Fixed-gain  buffer  amplifiers 
may  be  incorporated  around  the  periphery 


of  the  chip  to  ensure  an  insertion  loss  of  0 
dB  in  all  switching  states. 

The  chip  module  can  be  cascaded  with 
similar  modules  into  large  arrays  that  can 
handle  as  many  as  100  inputs  and  100  out- 
puts. Such  an  array  would  consume  only 
10  W,  occupy  only  500  in.3(8,200  cm3),  and 
weigh  only  30  lb  (14  kg).  An  equivalent 
100-by-100  cross-point  switch  in  hybrid 
technology  would  consume  1,000  W,  have 
a  volume  of  12,000  in.3  (almost  200,000 
cm3),  and  weigh  more  than  500  lb  (230  kg). 
Moreover,  the  hybrid  switch  would  cost 
about  30  times  as  much  as  the  modular  in- 
tegrated switch  does. 

7/j/s  work  was  done  by  Gene  Fujikawa 
of  Lewis  Research  Center  and  Daniel  R. 
Ch'en  and  Wendell  C.  Petersen  of  Micro- 
wave Monolithics,  Inc. 
LEW-14813/TN 


<y 


The  Packaged  Monolithic  Crossbar  Switch 

can  route  any  of  the  three  inputs  on  the  left 
to  any  of  the  three  outputs  on  the  bottom 
(one  of  which  is  obscured  by  a  ribbon  cable 
from  the  controlling  computer).  The  con- 
nectors at  the  top  and  right  of  the  package 
can  link  the  switch  to  other  switching 
modules  like  this  one. 
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Multiple-Baseline 
Interferometric 
Synthetic-Aperture  Radar 

Performances  of  spaceborne 
systems  and  effects  of  phase 
errors  are  discussed. 

A  report  discusses  the  performances  of 
spaceborne  interferometric  synthetic-ap- 
erture radar  (SAR)  systems  in  terms  of  the 
utility  of  SAR  echo  data  in  the  generation  of 
topographic  maps.  In  the  interferometric 
SAR  (INSAR)  approach,  conventional  digi- 
tal SAR  echo  data  taken  along  nearly-re- 
peat ground  tracks  are  combined  coher- 
ently to  synthesize  interferometric  SAR 
data.  The  resulting  interferograms  yield 
data  on  the  height  of  the  terrain  in  each  pic- 
ture element. 

Airborne  INSAR  has  already  been 
shown  to  yield  maps  comparable  with  con- 
ventional topographic  contour  maps.  The 
purpose  of  the  report  is  to  demonstrate  the 
potential  utility  of  INSAR  in  a  spaceborne 
setting  to  obtain  global  coverage.  To  il- 
lustrate the  concept,  the  report  uses  a  set 


of  SEASAT  data  on  the  Cottonball  Basin  of 
Death  Valley,  taken  from  five  orbits  that 
were  close  enough  to  each  other  so  that 
adjacent  ones  approximated  the  two-an- 
tenna configurations  of  airborne  SAR.  The 
Cottonball  Basin  was  chosen  because  it  is 
dry  and,  therefore,  was  not  expected  to 
change  significantly  during  the  3-week  in- 
terval that  contained  the  nearly  repeating 
orbits.  (Any  change  would  increase  phase 
noise.) 

The  report  discusses  the  processing  of 
the  raw  SEASAT  data,  including  such  prob- 
lems as  the  registration  of  the  separate 
complex-amplitude  SAR  images.  The  ac- 
curacy of  the  resulting  topographical 
measurements  is  assessed. 

Particular  attention  is  given  to  phase- 
measurement  errors,  a  mathematical 


model  of  which  is  described.  The  model 
has  important  implications  for  the  design  of 
future  spaceborne  INSAR.  It  shows  among 
other  things  that,  although  the  sensitivity  in 
the  measurement  of  altitude  increases 
with  the  baseline  separation,  so  does  the 
phase  error.  Indeed,  there  appears  to  be  an 
optimal  baseline  separation  that  balances 
these  two  opposing  factors.  The  model  is 
compared  with  interferograms  synthe- 
sized from  the  data  obtained  at  the  various 
baseline  separations  (between  orbits),  and 
it  is  found  to  agree  qualitatively  with  the  in- 
terferometric data. 

This  work  was  done  by  F.K.  Li  and 
R.M.  Goldstein  ofCaltech  for  NASA's  Jet 
Propulsion  Laboratory.  "Studies  of 
Multi-baseline  Spaceborne  Interferometric 
Synthetic  Aperture  Radars. " 
NPO-17416/TN 
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Pulse-Population  Modulation  for  Induction  Machines 

Low-frequency  waveforms  are  synthesized  as  needed  from  a  high-frequency  power  supply. 


The  power-distribution  system  for  the 
proposed  Space  Station  is  a  single-phase, 
440-Vrms,  20-kHz  system,  with  a  regulated 
sinusoidal  waveform.  A  single-phase  power 
system  minimizes  the  complexities  of  wir- 
ing, sensing,  and  control  required  in  a  mul- 
tisource,  redundantly-distributed-power 
system.  The  20-kHz  operating  frequency 
was  selected  to  be  above  the  range  of 
audibility,  minimize  the  weight  of  reactive 
components,  and  yet  allow  the  construc- 
tion of  single  power  stages  of  25  to  30  kW. 

With  regulated  voltages,  most  ac/dc  con- 
versions involve  rather-simple  transform- 
er/rectifier applications.  A  sinusoidal  distri- 
bution system,  when  used  in  conjunction 
with  zero-crossing  switching,  represents  a 
narrow-band  source  of  electromagnetic  in- 
terference (EMI).  The  present  state  of 
20-kHz  power  technology  includes  com- 
puter controls  of  voltage  and/or  frequency, 
cables  of  low  inductance,  current-limiting 
protection  of  circuits,  bidirectional  flow  of 
power,  and  motor/generator  operation 
using  standard  induction  machines. 

A  low-frequency  synthesizer  has  been 
developed  to  provide  a  low-frequency 
waveform  by  synthesis  from  a  high-fre- 
quency power  system.  The  low-frequency 
waveform  is  assembled  by  allowing  con- 
duction of  discrete  half  cycles  of  the  high- 
frequency  carrier.  One  advantage  of  this 
method  of  modulation  is  that  the  frequency 
of  the  synthesized  wave  is  controlled  by 
the  pulse  pattern  (see  Figure  1). 

The  ability  to  control  the  amplitude  and 
frequency  independently  provides  wide  lat- 
itude for  the  operation  of  ac  induction 
motors,  inasmuch  as  the  torque  delivered 
at  any  shaft  speed  is  a  function  of  the  slip 
frequency,  and  the  power  factor  drawn  by 
the  motor  at  any  given  speed/load  combi- 
nation is  a  function  of  the  terminal  voltage. 

In  addition,  by  controlling  the  relation- 
ship between  the  slip  and  stator  frequen- 
cies, one  can  operate  the  induction  motor 
either  as  a  motor  or  as  a  generator  (see 
Figure  2).  Such  a  bidirectional  energy 
transducer  could  be  used  as  a  starter/gen- 
erator for  an  engine  wherein  high  starting 
torques  are  provided  by  high  controlled  slip 
frequencies  and  generation  is  provided  by 
negative  slip  frequencies,  or  as  a  servo- 
mechanism  for  control  of  acceleration  and 
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Figure  1.  A  Low-Frequency  Waveform  is  synthesized  from  selected  conduction  half  cycles 
of  a  high-frequency  waveform. 
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deceleration.  Other  advantages  include 
operation  under  controlled  voltage-to-fre- 
quency ratios  to  maintain  high-efficiency 
and  high  power  factor,  and  no  reflection  of 
low-frequency  noise  into  the  20-kHz  distri- 
bution bus. 

This  work  was  done  by  Irving  G.  Hansen 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in: 
NASA  TM-87346  [N86-31584],  Price 
Code:  A02  "Description  of  a  20  Kilo- 
hertz  Power  Distribution  System"  and 
NASA  TM-89925  [N87-22004],  Price 
Code:  A02  "EMC  and  Power  Quality 
Standards  for  20-kHz  Power  Distribu- 
tion. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Lewis  Research  Center.  Refer  to 
LEW-14669/TN. 
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Figure  2.  The  Torque-vs.-Speed  (or  Slip)  Curve  of  an  induction  machine  has  both  positive  and 
negative  regions,  signifying  operation  as  either  a  motor  or  a  generator. 
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Radar  Polarimeter  Measures  Orientations  of  Retroref lectors 

Polarization  signatures  of  targets  are  to  be  compared  with  known  signatures  at  known  angles. 


Experiments  have  demonstrated  the 
use  of  radar  polarimetry  to  measure  the 
orientation  of  a  retroreflective  target,  even 
though  the  target  is  much  smaller  than  the 
resolution  element  of  the  radar.  The  tech- 
nique is  based  on  the  comparison  of  the 
angular  dependencies  of  the  measured 
and  theoretically  derived  polarization  sig- 
natures of  the  target.  In  principle,  the 
polarization  signature  could  also  be  used 
to  identify  a  target. 

As  the  term  implies,  the  polarization  sig- 
nature of  a  target  is  proportional  to  the 
radar  scattering  cross  section  of  the  target 
as  a  function  of  the  angles  of  polarization  of 
the  illuminating  and  reflected  radiation. 
The  scattering  properties  of  the  target  are 
conveniently  summarized  by  the  scatter- 
ing matrix,  S,  which  expresses  the  relation 
between  the  amplitudes  rh  and  rvof  signals 
reflected  or  received  in  horizontal  or  verti- 
cal polarization,  respectively,  and  ampli- 
tudes tHand  tvof  signals  transmitted  in  hor- 
izontal or  vertical  polarization,  respectively. 

Matrix  S  and  the  radar  cross  section, 
which  is  easily  calculated  from  S,  vary  as 
the  target  is  rotated  about  the  radar  line  of 
sight  or,  equivalents,  as  the  radar  antenna 
is  rotated  around  the  line  of  sight  and/or  the 
radar  polarization  is  varied.  For  example, 
the  left  side  of  Figure  1  shows  theoretical 
radar  cross  sections  for  copolarized  reflec- 
tions (identical  transmitting  and  receiving 
polarizations)  from  a  rough  surface,  from 
a  dihedral  corner  reflector,  and  from  a 
trihedral  corner  reflector  as  functions  of 
the  orientation  of  the  polarization  ellipse 
and  of  the  ellipticity  angles.  (Ellipticity 
angles  of  ±45°  denote  circular  polariza- 
tion, while  0°  denotes  linear  polarization.) 

The  right  side  of  Figure  1  shows  the 
signatures  of  a  dry  lakebed  and  two  corner 
reflectors  mounted  on  it,  as  measured  by 
an  airborne  radar.  The  tilt  of  the  reflector 
showing  the  two-bounce  response  can  be 
inferred  by  integrating  the  squared  differ- 
ences between  the  measured  signatures 
and  the  calculated  two-bounce  signatures 
over  all  states  of  polarization  and  noting  the 
tilt  angle  that  would  minimize  the  error  (see 
Figure  2). 
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Figure  1.  Radar  Cross  Sections  were  calculated  theoretically  and  measured  for  three  repre- 
sentative targets. 
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This  work  was  done  by  H.  A.  Zebker  and 
L  Norikane  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
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Figure  2.  The  Tilt  of  a  Reflector  can  be  inferred  by  finding  the  angle  that  minimizes  a  meas- 
ure of  the  difference  between  theoretical  and  measured  radar  cross  sections  of  the  reflector. 
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Range  Filtering  for  Navigation  by  Satellite 

Less  processing  and  storage  of  data  are  needed. 


The  mathematical  basis  has  been  de- 
veloped for  Kalman  filtering  of  sequential 
measurements  of  the  range  (that  is,  the 
distance)  from  a  single-channel  receiver  in 
the  Global  Positioning  System  (GPS)  to 
each  of  several  navigation  satellites.  The 
main  advantages  of  the  new  range-filtering 
technique,  in  contrast  with  the  more-con- 
ventional navigation-filtering  technique, 
are  simplification  of  tuning  and  decreases 
in  the  required  amounts  of  storage  and 
processing  of  data  for  navigation  in  ships, 
airplanes,  and  ground  vehicles. 

Range  filtering  involves  the  separate  ap- 
plication of  a  kinematic  Kalman  tracking 
filter  to  the  measurements  of  the  signal 
from  each  satellite  in  use  (see  figure).  The 
state  vector  consists  of  the  pseudorange 
and  its  time  derivatives.  Typically,  the  first 
one  or  two  derivatives  are  used,  giving  two 
or  three  state  variables,  respectively.  The 
filtered  range-domain  quantities  are  then 
combined  for  the  navigation  solution. 


The  range  filters  may  be  thought  of  as 
navigation  filters  that  have  been  trans- 
formed to  a  nonorthogonal  coordinate 
frame  corresponding  to  the  satellite  direc- 
tions, then  separated  into  decoupled  filters 
corresponding  to  each  satellite,  with  sim- 
ple neglect  of  the  state-error-covariance 
cross-correlation  elements.  Although  the 
loss  of  the  cross-correlation  information 
makes  this  a  suboptimal  approach,  the 
sacrifice  in  optimality  may  not  be  substan- 
tial in  comparison  with  the  prior  error 
caused  by  the  erroneous  assumption  of 
white  noise  in  the  Kalman-filter  eauations. 

The  new  technique  for  conversion  of  the 
range-domain  state  estimates  to  the  navi- 
gation-state estimate  involves  the  "conver- 
sion" algorithm,  which  enables  the  filtered 
range-domain  state  estimates  from  each 
satellite  to  be  incorporated  sequentially 
into  the  navigation-state  estimate  as  they 
become  available.  The  conversion  algo- 
rithm consists  basically  of  a  conventional 


navigation  filter  but  without  the  recursive 
state-error-covariance  computations.  In- 
stead, an  equivalent  state-error-covari- 
ance matrix  is  based  on  the  individual 
range-filter  state-error  covariances  and  on 
the  satellite  geometry.  The  conversion  al- 
gorithm can  be  set  up  to  operate  under 
"clock  coasting";  that  is,  navigation  can 
continue  for  a  short  time  when  the  accessi- 
ble satellites  become  insufficiently  numer- 
ous to  determine  the  clock  error. 

Measurements  from  auxiliary  sensors 
can  be  integrated  into  the  filtering  scheme 
in  several  ways,  depending  on  the  type.  For 
example,  by  use  of  a  mathematical  "virtual 
satellite,"  altimeter  measurements  can  be 
treated  equivalents  to  satellite  range 
measurements.  Inertial  measurements 
can  be  used  as  a  navigation-domain  proc- 
ess driver  in  the  conversion  filter,  and  the 
predicted  navigation-domain  state  esti- 
mate can  then  be  used  to  compute  the  pre- 
dicted range-domain  state  estimates,  thus 
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In  the  new  Range-Filtering  Technique,  a  kinematic  Kalman  tracking  filter  is  applied  separately  to  the  measurements  of  the  signal  from  each 
satellite. 
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enabling  the  use  of  narrower  range-filter 
bandwidths  for  improved  rejection  of 
noise.  Measurements  of  the  altitude  of  an 
aircraft  can  be  used  to  infer  the  predicted 
flightpath  if  a  coordinated-turn  assumption 
is  reasonable;  alternatively,  direct  meas- 
urements of  control  inputs  can  be  fed  into 


an  aircraft-dynamics  state  estimator  to 
predict  the  flightpath. 

777/s  work  was  done  by  Russell  Paielli  of 
Ames  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TM-89418 
[N87-20057],  Price  Code:  A20  "Range 
Filtering  for  Sequential  GPS  Receivers 


with  External  Sensor  Augumentation. " 
Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  ARC-12106/TN 
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Relationship  Between 
Latchup  and  Transistor 
Current  Gain 

A  commonly  stated  condition 
on  the  sum  of  as  is 
found  to  be  erroneous. 

A  theoretical  study  takes  a  new  look  at 
the  current-vs.-voltage  behavior  of  silicon 
controlled  rectifiers  (SCR's),  four-layer 
complementary  metal  oxide/semiconduc- 
tor (CMOS)  devices,  and  similar  devices 
susceptible  to  latchup.  For  the  purposes  of 
this  analysis,  "latchup"  denotes  the  transi- 
tion of  such  a  device  from  a  lower-current- 
conducting  steady  state  to  a  distinct  high- 
er-current-conducting steady  state.  The 
study  focuses  upon  the  conventional  two- 
coupled-transistor  model  of  a  one-dimen- 
sional SCR.  Although  this  model  gives  an 
oversimplified  view  of  latchup  in  CMOS  cir- 
cuits, it  is  useful  for  qualitative  predictions 
of  electrical  characteristics. 

The  currents  in  and  voltages  across  the 
transistors  in  the  model  are  assumed  to  be- 
have according  to  the  Ebers-Moll  equa- 
tions. The  npn  and  pnp  transistors  are 
characterized  by  normal-mode,  short-cir- 
cuit, common-base  current  gains  a,  and 
a2,  respectively;  by  the  open-emitter  col- 
lector saturation  currents  Iqq^  and  Iq^,  re- 
spectively; and  by  the  thermal  voltage  VT. 
The  Ebers-Moll  equations  are  solved  to  ob- 
tain an  exact  equation  for  the  current  / 
flowing  through  the  device  as  a  function  of 
the  collector-junction  voltage  Vq: 

I  =  [('c01  +  W 

(1-a1-a2)][1-exp(Vc/Vr)] 


If,  as  is  physically  reasonable  for  at  least 
some  devices,  it  is  assumed  that  the  as  for 
the  inverted  mode  are  negligible  and  that 
the  emitter  junctions  are  sufficiently 
forward-biased  so  that  the  exponential  of 
the  bias  voltage  over  the  thermal  voltage  is 
much  greater  than  1,  then  the  current  can 
be  expressed  approximately  as  a  function 
of  the  terminal  voltage,  V,  by 

['eoi  WCcoi  +/C02)2]exp(Wr)  = 

(n2/ii-(Wi-«2)n 

where  /E01  and  IEq2  are  the  open-collec- 
tor emitter  saturation  currents  and  /'  = 

Wcoi+'cc*)- 
Whether  or  not  the  as  depend  on  the 

current,  the  first  equation  predicts  that  the 
condition  a1  +  a2  =  1  will  result  in  a  high 
current.  Consequently,  this  condition  has 
been  quoted  frequently  in  literature  as  the 
condition  for  latchup.  However,  the  study 
examines  the  current-versus-voltage  be- 
havior predicted  by  these  equations  and 
shows  that  reliance  on  this  condition  can 
lead  to  contradictions  and  physically  un- 
realistic conclusions.  In  particular,  the 
study  reaches  the  following  conclusions: 

•The  condition  ay+a2  =  1  is  neither  nec- 
essary nor  sufficient  for  latchup,  and  in- 
deed it  has  no  special  significance  at  all. 

•  If  small  signal  alphas  are  defined  in  terms 


of  large  signal  alphas  in  the  usual  way, 
then  the  condition  that  the  small-signal-al- 
pha sum  is  unity  is  not  a  general  criterion 
for  locating  switching  and  holding  points. 
•Although  the  condition  a,+a2  =  1  has 
nothing  to  do  with  whether  or  not  a  device 
will  latch  up,  it  is  relevant  to  the  destruc- 
tiveness  of  a  latchup  in  the  event  that  it 
occurs.  For  example,  if  o1+a2<  0.9 
under  all  conceivable  operating  condi- 
tions, then  there  is  sufficient  margin  to 
prevent  destructively  high  current  in  the 
event  of  a  latchup,  regardless  of  external 
circuitry. 
•The  way  to  predict  the  holding  and 
switching  voltages  and  currents  of  a  two- 
terminal  device  is  to  plot  its  current- 
versus-voltage  curve  from  equations  that 
represent  the  device  correctly  under  all 
bias  conditions,  rather  than  to  make  a 
"shortcut"  search  for  the  conditions  un- 
der which  a1  +  a2  =  1. 

This  work  was  done  by  Larry  D.  Edmonds 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Latchup  Related  Implica- 
tions of  the  Condition  that  the  Sum  of  the 
Transistor  Alphas  Is  Unity. " 
NPO-17561/TN 
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Spatial  Modulation  of  Light  in  GaAs 

An  image  is  transferred  from  one  beam  of  light  to  another. 


[°1°]    *        GaAs 
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An  Image  Is  Transferred  from  one  coherent 
GaAs  crystal. 

The  spatial  modulation  of  light  in  gallium 
arsenide  (GaAs)  has  been  demonstrated 
by  transferring  an  image  from  one  of  two 
coherent,  crossing  beams  of  light  to  the 
other  one.  The  technique  relies  on  cross- 
polarization  beam  coupling,  which  is  a 
special  case  of  beam  coupling  in  a  photo- 
refractive crystal. 

In  the  ordinary  beam-coupling  process, 
two  beams  intersect  in  a  crystal  of  GaAs, 
which  is  photorefractive.  The  resulting  in- 
terference pattern  gives  rise  to  a  periodic 
distribution  of  trapped  electrical-charge 
carriers,  the  electric  field  of  which  varies 
the  local  index  of  refraction  via  the  electro- 
optical  effect.  Thus,  a  refractive-index  grat- 
ing is  formed,  and  it  diffracts  the  beams  of 
light  in  such  a  way  that  one  of  the  diffracted 
beams  interferes  constructively  with  its  in- 
coming beam  while  the  other  interferes  de- 
structively with  its  incoming  beam.  The  re- 
sult is  a  net  transfer  of  energy  from  one 
beam  to  the  other.  However,  diffracted 
beams  cannot  be  separated  from  the  pass- 
ing-through beams. 

The  image  is  transferred  in  a  GaAs  crys- 
tal via  cross-polarization  beam  coupling. 
The  crystal  is  oriented  so  that  the  compo- 
nents of  the  electric  fields  of  the  two  beams 
that  lie  in  the  plane  of  the  two  electro-opti- 
cal axes  bisect  the  angle  between  the  two 
axes.  The  electric  field  of  each  beam  can 
be  decomposed  mathematically  into  two 


Coherent 
Beams  of 
Light  With 
Polarization 
Along  [010] 


Polarization 
beam  of  light  to  the  other  by  crossbeam  coupling,  a  product  of  the  photorefractive  effect  in  the 


equal  components,  each  parallel  to  one  of 
the  two  axes.  Because  the  changes  in  the 
index  of  refraction  along  the  two  axes  are 
equal  in  magnitude  but  opposite  in  sign,  the 
diffracted  beam  of  one  component  of  a 
beam  interferes  constructively  with  that 
beam,  while  that  of  the  other  component 
interferes  destructively.  This  causes  the 
electric  field  of  the  resultant  diffracted 
beam  to  rotate  90°  from  that  of  the  incom- 
ing beam,  resulting  in  a  polarization  rota- 
tion in  each  beam  after  the  crystal.  There  is 
no  net  transfer  of  energy  from  one  beam  to 
the  other.  The  diffracted  component  of 
each  beam  is  separated  from  the  beam  by 
a  polarizer.  Then  the  transfered  image  in 
the  diffracted  component  is  observed. 

The  figure  illustrates  schematically  a 
cross-polarization  beam-coupling  appara- 
tus. The  crystal  is  undoped  GaAs  grown  by 
the  Czochralski  technique.  Two  coherent 
beams  polarized  along  the  [010]  axis  of  the 
crystal  are  generated  by  a  YAG:Nd  laser. 
One  beam  passes  through  a  transparent 
slide  that  bears  the  letters  "JPL"  The  po- 
larizer can  be  adjusted  to  produce  either  a 
positive  or  a  negative  of  the  image  on  the 
slide. 

777/s  work  was  done  by  Li-Jen  Cheng, 
Gregory  Gheen,  and  Afshin  Partovi  of  Cal- 
tech  for  NASA's  Jet  Propulsion  Labora- 
tory. 


In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell, 

Director  of  Patents  and  Licensing 

Mail  Stop  301-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NPO-17228/TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109      - 
(818)354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-2734 
Technology  Utilization 
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Synchronous  Half-Wave  Rectifier 

An  active  circuit  acts  like  a  highly  efficient  diode. 


A  synchronous  rectifying  circuit  be- 
haves like  a  diode  that  has  an  unusually 
low  voltage  drop  during  forward-voltage 
(conducting)  half  cycles.  The  circuit  would 
be  particularly  useful  in  power  supplies 
with  potentials  of  5  Vdc  or  less,  where  the 
normal  forward-voltage  drops  in  ordinary 
diodes  can  be  unacceptably  large.  The  cir- 
cuit could  be  fabricated  as  a  monolithic  as- 
sembly or  as  a  hybrid. 

The  circuit  (see  figure)  includes  main- 
current-controlling  field-effect  transistor 
Q2>  which  is  controlled  in  part  by  current- 
sensing  comparator  IC1 .  The  combination 
of  capacitor  C,,  resistor  Rv  Zener  diode 
D2,  and  transistor  Q1  constitutes  a  conven- 
tional voltage-regulating  power  supply  for 
ICV  C1  is  charged  through  diode  D1  during 
the  reverse  (nonconducting)  half  cycle  and 
discharges  through  the  regulator  so  that 
the  regulator  supplies  a  nearly  constant 
voltage,  Vcc,  to  IC1  throughout  the  cycle. 

During  the  reverse  half  cycle,  the  com- 
bination of  positive  bias  from  voltage  divid- 
er R2,  R3  and  the  more  negative  input  to  the 
positive  terminal  through  R5forces  the  out- 
put of  the  comparator  low.  Because  the 
output  of  the  comparator  is  fed  to  the  gate 
of  Q2,  Q2  remains  turned  off. 

At  the  beginning  of  the  forward  half  cy- 
cle, 1 2 begins  to  flow  in  diode  D3(a  parasitic 
integral  body  diode  in  Q2),  in  parallel  with 
current  l3  through  resistors  R6and  R7and 
diode  D4.  The  resulting  voltage  drop 
across  R6  is  sensed  by  IC, .  When  the  total 
forward  current  \:  reaches  a  threshold 
value,  the  comparator  toggles  on  (output 
high),  aided  by  regenerative  feedback 
through  R4.  This  turns  Q2on  hard,  bypass- 
ing parasitic  diode  D3  because  Q2  has  a 
smaller  resistance  when  conducting.  Q2 
then  conducts  the  main  load  current  dur- 
ing the  remainder  of  the  half  cycle. 

As  the  voltage  drops  to  a  low  value  to- 
ward the  end  of  the  forward  half  cycle,  I- 
falls  below  the  threshold  and  IC1  turns  off, 
again  aided  by  regenerative  feedback 
through  R4.  This  turns  off  Q2.  Both  turnon 
and  turnoff  thresholds  can  be  set  at  de- 
sired values  by  the  appropriate  choices  of 
resistors  R2  through  R7. 
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The  Synchronous  Half-Wave  Rectifier  includes  active  circuits  to  attain  a  low  forward  voltage 
drop  and,  consequently,  high  rectification  efficiency. 


Tests  of  a  "breadboard"  version  of  the 
circuit  made  of  discrete  components  indi- 
cated that  very  high  rectification  efficiency 
is  attainable.  If  fabricated  as  a  monolithic 
assembly,  the  circuit  should  be  at  least  as 
efficient  as  the  "breadboard"  version. 

This  work  was  done  by  Wally  E.  Rippel 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

Inquiries  concerning  rights  tor  the  com- 
mercial use  of  this  invention  should  be 
addressed  to  the  Patent  Counsel,  NASA 
Resident  Office-JPL.  Refer  to 
NPO-17220/TN. 
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Mail  Stop  180-801 
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Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  130-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  J  PL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


28 


NASATech  Brief 


National  Aeronautics  and 
Space  Administration 


NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Hotspot  Endurance  of  Solar-Cell  Modules 

A  procedure  for  evaluating  modules  for  use  with  concentrators  is  now  available. 


A  procedure  for  testing  modules  of  pho- 
tovoltaic cells  to  be  used  with  solar  con- 
centrators determines  their  ability  to  en- 
dure hotspots.  Although  procedures  for 
testing  flat-plate  solar-cell  modules  have 
been  available  for  some  time,  the  new  pro- 
cedure is  the  first  for  concentrator  mod- 
ules. 

A  hotspot  occurs  in  a  photovoltaic  cell 
when  the  current  in  a  module  of  series- 
connected  cells  that  contains  the  cell  in 
question  exceeds  the  short-circuit  current 
of  that  cell.  This  condition  forces  the  cell 
into  reverse  bias,  increasing  its  power  dis- 
sipation and  raising  its  temperature.  Hot- 
spots  can  be  created  by  cracks  or  shadow- 
ing of  cells  in  normal  service,  even  in  highly 
reliable  arrays.  It  is  therefore  important  to 
ensure  that  a  hotspot  does  not  propagate 
to  other  cells  or  present  electrical  hazards. 

The  procedure  begins  with  the  selection 
of  three  cells  in  a  module:  one  that  has  the 
highest  shunt  resistance,  one  that  has 
nearly  average  shunt  resistance,  and  one 
that  has  the  lowest  shunt  resistance.  Each 
of  the  three  cells  is  then  connected  to  a 
separate  power  supply  in  such  a  way  that 
the  heat-transfer  characteristics  of  the 
cells  and  the  hotspot  endurance  are  dis- 
rupted as  little  as  possible. 

The  next  step  is  to  select  the  hotspot  test 
level;  that  is,  the  level  of  heating  that  will 
stress  the  module  as  severely  as  it  would 
be  stressed  by  a  hotspot  during  use.  The 
principal  test  parameters  include  the  re- 
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The  Solar  Simulator  illuminates  photovoltaic  cells  through  the  Fresnel  lens  of  the  concen- 
trator module. 


verse  voltage,  the  ambient  temperature, 
and,  for  cells  that  have  reverse-breakdown 
voltages  higher  than  the  maximum  avail- 
able reverse  voltages  (those  with  generally 
high  shunt  resistances),  the  overall  irra- 
diance.  Cells  with  breakdown  voltages  less 
than  the  available  reverse  voltages  (those 
with  generally  low  shunt  resistances)  tend 
to  develop  hotspots  when  shaded. 

An  infrared  lamp  heats  the  heat  sink  of 
the  module  to  simulate  the  ambient  tem- 
perature. Power  is  applied  to  the  test  cells. 
A  solar  simulator  (see  figure)  illuminates 
the  appropriate  cells,  and  the  cells  to  be 
shadowed  are  tested  in  ordinary  laboratory 
light.  A  timer  turns  the  power  supplies,  the 
infrared  lamp,  and  the  solar  simulator  on 
and  off.  The  "on"  time  is  1  h;  the  "off"  time 
is  long  enough  to  allow  the  cell  to  cool  to 


within  10  °C  of  the  ambient  air  tempera- 
ture. The  timer  repeats  the  cycle  until 
100  h  of  "on"  time  have  been  accumu- 
lated. 

The  module  and  test  cells  are  inspected 
visually  at  24-h  intervals  during  the  test  and 
again  when  the  test  is  completed.  The  in- 
spector looks  for  evidence  of  degradation, 
including  cracking,  delamination,  outgas- 
sing  or  blistering  of  encapsulants,  and 
melted  solder.  After  the  test,  the  electrical 
characteristics  of  the  module  are  meas- 
ured for  comparison  with  the  pretest  char- 
acteristics. 

This  work  was  done  by  C.  C.  Gonzalez, 
R.  S.  Sugimura,  and  R.  G.  Ross,  Jr.,  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17305/TN 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


29 


IWNSATech  Brief 


Licensing 
Opportunity 


National  Aeronautics  and 
Space  Administration 


NASA 's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Twisted  Pair  of  Insulated  Wires  Senses  Moisture 

Sensitivity  to  low  levels  of  moisture  is  increased. 


The  sensitivity  of  an  electronic  moisture 
sensor  to  low  levels  of  moisture  is  in- 
creased by  a  new  electrode  configuration. 
Instead  of  attempting  to  bond  porous,  flexi- 
ble electrodes  to  metal  films,  the  designers 
of  the  new  sensor  use  plated  solid  wires  as 
electrodes.  The  wires  are  encapsulated  in 
tubes  of  a  polysulfonated  polymer  and 
twisted  together  in  a  tight  spiral  (see  figure). 

The  moisture-sensing  circuit  was  de- 
scribed in  "Low-Cost  Humidity  Sensor" 
(NPO-16544),  NASA  Tech  Briefs,  Volume 
9,  No.  4  (Winter  1985),  page  55.  The  new 
twisted  pair  of  wires  takes  the  place  of  a 

flat-plate  capacitor  in  that  circuit.  The  ca- 
pacitance varies  with  the  humidity,  thereby 
varying  the  frequency  of  the  oscillator, 
which  is  read  as  an  indication  of  the  humid- 
ity. 

The  twisted-pair  configuration  allows  for 
the  thermal  expansion  and  contraction  of 
the  polymer  while  maintaining  a  nearly 
constant  area  of  contact  between  the  poly- 


mer and  the  wires.  The  bare  electrode 
wires  are  allowed  to  protrude  at  the  ends  of 
the  twisted  pair.  These  bare  extensions 
enable  the  monitoring  of  the  transducer 
and  serve  as  convenient  points  for  the  in- 
troduction of  forced  signals  to  test  the 
transducer. 

This  work  was  done  by  Eric  G.  Laue  and 
James  B.  Stephens  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory.  For  further  in- 
formation, Circle  137  on  the  TSP  Request 
Card. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention.  Inquiries  concerning  rights 
for  its  commercial  use  should  be  ad- 
dressed to 

Edward  Ansell 

Director  of  Patents  and  Licensing 

Mail  Stop  305-6 

California  Institute  of  Technology 

1201  East  California  Boulevard 

Pasadena,  CA  91125 
Refer  to  NP0-17111/TN. 
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Twisted-Wire  Electrodes  are  sheathed  with 
a  polymer  dielectric.  The  bare  wire  tips  are 
for  monitoring  purposes. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel: 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL:  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
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Technology  Application 


Oak  Ridge  National  Laboratories 

Documentation  for  Residential  Reference  House  Energy 
Demand  Model 


The  ORNL  Residential  Reference  House  Energy 
Demand  Model  (RRHED)  is  a  computer-based 
end-use  simulator  that  forecasts  energy  demand 
based  on  a  detailed  evaluation  of  how  households 
use  energy  for  particular  appliances.  RRHED  is  a 
mid-  to  long-term  theory-based  engineering  and 
economic  stock-adjustment  model  that  simulates 
energy  use  and  the  impact  of  policies  over  a  20- 
to  30-year  period.  Energy  consumption  and 
policy  impacts  are  forecast  by  fuel  type  and 
category  of  equipment  (Fig.  1). 

The  four-volume  report,  The  ORNL  Residential 
Reference  House  Energy  Demand  Model  (ORNL- 
RRHED),  documents  the  RRHED  model.  It 


contains  an  overview  and  summary,  a  user 
reference  guide,  a  technical  description  of  the 
RRHED  model,  and  a  collection  of  case  studies. 
This  report  has  two  main  objectives.  First,  it 
introduces  RRHED  to  researchers  with  little 
background  in  end-use  modeling.  Second,  it 
provides  the  details  that  a  user  needs  to 
understand  both  the  theory  behind  the  model 
specification  and  the  structure  of  the  code.  This 
information  will  allow  the  user  to  modify 
subroutines  for  particular  applications. 

RRHED  is  currently  being  used  by  a  number  of 
analysts  throughout  the  United  States.  This 
report  provides  them  with  a  benchmark  for 
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Fig.  1.  Interaction  of  model  components  in  the  ORNL  Residential  Reference  House  Energy  Demand  Model. 
The  energy  use  for  each  reference  house  is  defined  in  terms  of  four  major  components:  building  stock,  use, 
technology  choice,  and  fuel  and  equipment  choice. 
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consistent  analysis.  Also,  the  user  reference 
guide  is  necessary  because  the  model  is  relatively 
complex  and  the  FORTRAN  code  used  to  run  it  is 
extensive.  Some  innovative  approaches  are 
applied  to  general  economic  problems,  which 
involve  the  use  of  sophisticated  modeling 
techniques  and  novel  interactions  between 
engineering  and  economic  data  bases.  This 
documentation  introduces  these  approaches  to 
the  research  community. 

The  case  studies  provide  examples  of  how  the 
RRHED  model  can  be  used.  For  example,  RRHED 
was  used  to  predict  the  influence  of  proposed 
building-envelope  standards  on  conservation  and 
fuel  choice.  These  standards  were  developed 
by  the  Northwest  Power  Planning  Council  in 
response  to  the  Pacific  Northwest  Power 
Planning  and  Conservation  Act  of  1980 
(P.L.    96-501).  State  or  local  governments 
within  the  region  were  originally  required  to 
implement  these  standards  during  or  before 
1 986.  The  focus  of  the  policy  analysis  study  was 
whether  the  council  standards  were  as  cost- 
effective  as  alternative  supply  options. 

This  analysis  raised  significant  and  unresolved 
issues  about  social  policy  and  social  versus 
private  cost-effectiveness  of  policy.  It  is  argued 
that  as  proposed,  the  standard  policy  is  neither 
privately  nor  socially  cost-effective.  However,  the 


social  and  private  cost-effectiveness  of  this  policy 
could  be  optimal  if  the  standards  were 
implemented  in  the  presence  of  a  market-clearing 
mechanism  that  would  share  benefits  among 
builder,  homeowner,  and  utility. 

D.  M.  Hamblin  et  al.,  The  ORNL  Residential  Reference  House 
Energy  Demand  Model  (ORNL-RRHED)  Volume  1.  Overview 
and  Report  Summary,  ORNL/CON-177/V1,  Oak  Ridge 
National  Laboratory  (February  1 986). 

D.  M.  Hamblin  et  al..  The  ORNL  Residential  Reference  House 
Energy  Demand  Model  (ORNL-RRHED)  Volume  2.  User 
Reference  Guide.  ORNL/CON-177/V2,  Oak  Ridge  National 
Laboratory  (February  1986). 

D.  M.  Hamblin  et  al..  The  ORNL  Residential  Reference  House 
Energy  Demand  Model  (ORNL-RRHED)  Volume  3.  Technical 
Description,  ORNL/CON-177/V3,  Oak  Ridge  National 
Laboratory  (February  1 986). 

D.  M.  Hamblin  et  al..  The  ORNL  Residential  Reference  House 
Energy  Demand  Model  (ORNL-RRHED)  Volume  4.  Case 
Studies,  ORNL/CON-177/V4,  Oak  Ridge  National  Laboratory 
(February  1986). 


Additional  information: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 

Telephone:  (703)  487-4650;  FTS  737-4650 
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Oak  Ridge  National  Laboratories 

Wood-Burning  Retrofit  Saves  Fuel  at  an  Oil-Fired  Steam 
Plant 


The  military  services  are  participating  in  the 
Department  of  Defense  Energy  Conservation 
Investment  Program  (ECIP),  in  which  promising 
conservation  retrofit  projects  are  identified, 
justified,  and  implemented.  One  such  project  was 
undertaken  by  the  U.S.  Army  at  Fort  Stewart, 
Georgia,  where  a  new  wood-burning  boiler  and  a 
wood-conveying  system  were  added  to  the  three 
oil-fired  boilers  of  the  central  energy  plant 
(Fig.    1).  This  retrofit  was  undertaken  to  exploit 
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the  abundant  waste  wood  available  at  Fort 
Stewart.  Its  success  was  validated  by  a  team  of 
researchers  from  ORNL's  Energy  and 
Instrumentation  and  Controls  divisions. 

During  the  1-year  postretrofit  validation  study, 
the  ORNL  team  gathered  data  about  steam 
production;  wood,  fuel  oil,  and  electrical  energy 
consumption;  other  necessary  plant  operations; 
and  ambient  temperature.  Preretrofit  operations 
were  simulated  by  treating  actual  postretrofit 
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Fig.  1.  System  diagram  for  Fort  Stewart  central  energy  plant,  including  the  added  wood-burning  system. 
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study  data  as  if  the  new  boiler  were  not  in 
operation.  Preretrofit  and  postretrofit  data  were 
compared  to  determine  cost  and  energy  savings. 

During  the  postretrofit  study  period,  the 
wood-burning  boiler  produced  about  90%  of  the 
steam  required  by  the  central  energy  plant  to 
meet  seasonal  heating  and  cooling  demands. 
Consequently,  over  2.88  X  106  gal  of  fuel  oil 
were  conserved.  It  was  estimated  that  about 
4    X    1 05  Btu  of  nonrenewable  energy  can  be 
saved  annually  by  burning  waste  wood.  A  life- 
cycle  cost  analysis  has  projected  first-year 
savings  of  more  that  $1.2  million.  The  discounted 
savings  ratio  is  3.36,  and  the  estimated  simple 
payback  period  for  the  ECIP  project  is  6.7  years. 

In  addition  to  the  valuable  experience  gained 
that  can  be  applied  in  designing,  building,  and 
evaluating  wood-burning  boiler  plants  in  the 
future,  the  study  also  shows  that  a  postretrofit 
data  can  be  used  to  develop  preretrofit  simulation 
data,  which  can  then  be  used  for  energy  and 
cost  comparisons. 


M.  A.  Broders  and  D.  R.  Miller,  ECIP  Project  Validation  Plan: 
Wood  Burning  Boiler  Plant,  Project  No.  193,  Fort  Stewart 
Georgia,  ORNL/TM-8933/P1,  Oak  Ridge  National  Laboratory 
(May  1984). 

M.  A.  Broders  and  D.  R.  Miller,  Phase  II — Design:  ECIP 
Project  Validation  Plan:  Wood  Burning  Boiler  Plant,  Project 
No.   193,  Fort  Stewart  Georgia,  ORNL/TM-8933/P2,  Oak 
Ridge  National  Laboratory  (September  1 984). 

M.  A.  Broders  and  D.  R.  Miller,  Phases  I  and  II — 
Design:  ECIP  Project  Validation  Plan:  Wood  Burning  Boiler 
Plant,  Project  No.  193,  Fort  Stewart  Georgia, 
ORNL/TM-8933/P2/R1,  Oak  Ridge  National  Laboratory 
(August    1985). 

M.  A.  Broders  and  D.  R.  Miller,  Energy  and  Cost  Savings 
Analysis  of  Wood  Burning  Boiler  Plant,  Fort  Stewart 
Georgia,  ORNL/CON-219,  Oak  Ridge  National  Laboratory 
(August    1987). 

Additional  information: 

National  Technical  Information  Service 
U.S.  Department  of  Commerce 
5285  Port  Royal  Road 
Springfield,  VA  22161 

Telephone:  (703)  487-4650;  FTS  737-4650 
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Encapsulants  and 
Corrosion  in 
Photovoltaic  Modules 

Experiments  and  computer 
simulations  give  insights  and 
point  the  way  to  further  study. 

A  paper  reports  studies  of  the  effects  of 
moisture  on  photovoltaic  modules,  pre- 
senting data  that  may  be  useful  in  further 
quantitative  studies  of  such  phenomena.  It 
gives  measurements  of  sorption,  Arrheni- 
us  activation-energy  constants  for  bulk 
conduction,  and  bulk  and  surface  conduc- 
tivities of  the  encapsulants  ethylene  vinyl 
acetate  (EVA)  and  polyvinyl  butyral  (PVB).  It 
also  gives  surface  conductivities  of  a  boro- 
silicate  and  a  soda-lime  glass  and  interface 
conductivities  of  the  encapsulant/glass 
composites.  The  measured  data  were  used 
in  a  computer  simulation  of  two-dimension- 
al conduction  to  analyze  the  ionic-conduc- 
tion characteristics  of  PVB-  and  EVA-en- 
capsulated  modules. 

The  paper  notes  that  the  encapsulant 


plays  an  important  role  in  electrochemical 
processes  in  a  photovoltaic  module.  The 
selection  of  an  encapsulant  affords  the 
major  opportunity  for  controlling  the  rates 
of  transfer  of  ionic  charge  in  a  module.  The 
encapsulant  serves  as  a  solid-state  elec- 
trolyte in  interactions  that  involve  the  elec- 
trodes and  is  the  medium  through  which 
metal  ions  dissolved  from  the  conductors 
are  transported.  The  encapsulant  is  impor- 
tant in  electrochemical  corrosion,  in  which 
a  difference  in  voltage  between  two  electri- 
fied cells  in  a  module  or  between  an  electri- 
fied cell  and  a  grounded  frame  drives 
chemical  reactions  at  the  cell/encapsu- 
lant  and  f  rame/encapsulant  interfaces  and 
gives  rise  to  leakage  currents  between 
these  electrified  parts. 


The  paper  indicates  how  variations  in 
the  design  parameters  affect  the  levels  of 
leakage  currents  in  the  modules.  It  points 
out  likely  leakage-current  paths  in  modules 
at  various  temperatures  and  humidities. 
It  compares  the  results  of  field  and  labo- 
ratory tests  of  the  same  specimens  and 
notes  the  greater  severity  of  the  outdoor 
environment. 

This  work  was  done  by  Gordon  R.  Mon, 
Liang-Chi  Wen,  and  Ronald  G.  Ross,  Jr.,  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Encapsulant  Free-Surfaces 
and  Interfaces:  Critical  Parameters  in 
Controlling  Cell  Corrosion. " 
NPO-17352/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Prediction  of  Critical  Crack 
Sizes  in  Solar  Cells 

Cracks  on  edges  are  more 
critical  than  are  those 
on  the  broad  surfaces. 

A  report  presents  a  theoretical  analysis 
of  cracking  in  Si  and  GaAs  solar  photovol- 
taic cells  subjected  to  bending  or  twisting. 
This  is  an  important  topic  because  cells 
can  fracture  from  the  extension  of  pre- 
existing flaws  during  the  stress  of  testing  or 
use.  The  approach  and  results  of  this  study 
may  be  useful  in  the  development  of  guide- 
lines for  the  acceptance  or  rejection  of 
slightly  flawed  cells  during  manufacture. 

The  propagation  of  cracks  from  flaws 
initially  on  the  edge  or  on  one  of  the  broad 
surfaces  of  a  circular  wafer  is  analyzed 
from  a  fracture-mechanics  point  of  view 
Fracture  mechanics  defines  a  critical 
crack  size  for  a  given  level  of  operating 
stress  as  the  size  below  which  an  initial 
crack  can  withstand  the  first  application  of 
stress  but  beyond  which  the  crack  propa- 
gates rapidly  to  fracture.  Repeated  loading 
or  time  under  load  may  cause  a  subcritical 
crack  to  grow  to  the  critical  size,  where- 
upon the  part  suddenly  fails. 

The  basic  equations  of  fracture  me- 
chanics are  used  to  derive  an  equation  . 


for  the  critical  crack  size  in  the  opening- 
mode  propagation  of  an  edge  or  broad-sur- 
face crack  in  a  wafer  subjected  to  bending. 
(This  is  the  predominant  mode  of  failure  ob- 
served in  the  field.)  Similarly,  an  equation  is 
derived  for  the  critical  size  of  an  edge 
crack  in  the  tearing-mode  propagation  of  a 
wafer  subjected  to  twisting.  These  critical 
sizes  depend  in  part  on  the  Young's  moduli 
and  critical-stress-intensity  factors  of  the 
material  (which  are  different  in  different 
crystalline  orientations  with  respect  to  the 
cracks  and  stresses)  and  on  the  Poisson's 
ratio  of  the  material. 

Using  the  known  properties  of  Si  and 
GaAs,  the  equations  were  used  to  obtain 
plots  of  crack  sizes  in  solar  cells  made  of 
these  materials  as  functions  of  the  bend  or 
twist  radii,  with  the  thicknesses  of  the  cells 
as  a  parameter.  The  analysis  was  also  ex- 
tended to  predict  critical  sizes  for  cracks  in 
a  Ge  substrate  coated  with  a  thin  film  of 
GaAs. 

The  analysis  leads  to  the  following  gen- 
eral conclusions: 


•  The  cracks  in  a  silicon  wafer  subjected  to 
bending  are  more  critical  than  in  one  sub- 
jected to  twisting. 

•An  edge  crack  is  more  critical  than  is  a 
surface  crack.  Thus,  an  edge  can  be 
finished  to  increase  the  strength  of  a 
wafer. 

•  For  a  given  bending  or  twisting  ioad,  the 
allowable  critical  crack  size  in  a  thinner 
wafer  is  greater  than  that  in  a  thicker 
wafer. 

•The  calculated  allowable  critical  crack 
sizes  of  Si  and  Ge  are  nearly  equal.  The 
critical  crack  size  in  a  GaAs  wafer  is  ap- 
proximately 3.5  times  as  small  as  that  in  an 
Si  wafer  under  the  same  load.  This  sug- 
gests that  GaAs  wafers  cannot  be  handled 
in  the  same  manner  as  that  of  Si  or  Ge 
wafers. 

777/s  work  was  done  by  Chern  P.  Chen  of 
Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Analytical  Determination  of 
Critical  Crack  Size  in  Solar  Cells. " 
NPO-17637/TN 
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Software 


Technology  Application 


Oak  Ridge  National  Laboratories 


Enhanced  Computer  Program  for  Modeling  Absorption  Heat 
Pump  Systems 


The  need  for  reliable  and  effective  system- 
modeling  programs  for  absorption  systems  has 
grown  with  the  development  of  working  chemical 
heat  pumps.  Several  computer  models  have  been 
developed,  but  these  models  can  only  simulate  a 
single  system  having  a  particular  design,  flow 
arrangement,  and  working  material.  Researchers 
at  Technion  (the  Israel  Institute  of  Technology), 
under  subcontract  to  ORNL,  have  developed  a 
modular,  user-oriented  simulation  program  that 
can  be  used  to  model  a  variety  of  absorption- 
system  configurations.  This  program,  called 
ABSORB,  has  been  enhanced  by  further  research 
in  ORNL's  Energy  Division. 

The  main  ABSORB  program  contains  unit 
subroutines  and  property-data  subroutines.  The 
unit  subroutines  contain  all  the  fundamental 
equations  applicable  to  the  physics  of  standard 
absorption  system  components  (such  as 
absorbers,  desorbers,  evaporators,  and 
condensers).  The  user  can  specify  individual  unit 
subroutines,  which  are  then  called  up  by  the  main 
ABSORB  program.  The  connection  between 
different  units  is  made  automatically  by  the  main 
program,  which  specifies  the  output  of  one  to  be 
the  input  of  another.  The  unit  subroutines  call  on 
the  property-data  subroutines  for  the 
thermodynamic  properties  of  the  working 
materials.  This  separation  between  the  unit 


subroutines  and  property-data  subroutines 
provides  the  flexibility  for  each  unit  to  operate 
with  different  working  materials. 

The  original  code  for  ABSORB  has  been 
modified  in  a  continuing  effort  to  improve  its 
robustness,  flexibility,  and  applicability. 
Modifications  include  (1)  a  revised  strategy  for 
solving  the  system  equations,  (2)  increased 
modularization  of  the  program,  and  (3)  efforts  to 
employ  the  code  to  determine  an  optimum 
economic  design  of  a  heat  pump  system. 

The  solution  routine  originally  selected  was 
written  specifically  for  the  simultaneous  solution 
of  a  system  of  nonlinear  algebraic  equations.  The 
revised  approach  uses  a  nonlinear  optimization 
program,  which  permits  the  user  to  specify 
bounds  on  the  variables  and  inequality 
relationships  among  the  variables  as  a  part  of  the 
problem  statement,  thus  simplifying  the  treatment 
of  these  constraints. 

The  program  was  modified  to  increase  its 
modularity  and  thereby  its  readability  and  its 
adaptability  in  regard  to  future  enhancements. 
This  modification  was  achieved  principally  by 
employing  separate  routines  to  generate  the 
constraint  equations  and  their  first  derivatives. 
Thus,  calculations  of  overall  material  balance, 
component  material  balance,  enthalpy  balance, 
heat-exchanger  energy  balance,  and  equilibria  are 
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Fig.  1.  Results  for  the  single-stage  chiller  with  a  LiBr- 
water  working  material. 


performed  in  separate  subroutines  called  by  the 
unit  subroutines  instead  of  being  calculated  in  line 
in  each  unit  subroutine. 

The  ABSORB  code  was  validated  for  three 
systems  that  use  a  nonvolatile,  lithium  bromide 
(LiBr)-water  working  material.  Computer 
simulations  of  single-stage  and  double-stage  heat 
transformers  and  a  single-stage  chiller  (Fig.  1) 
were  validated  against  experimental  data.  Given 
the  constraints  of  the  testing,  a  close  correlation 
was  found  between  the  predictions  and  the 
measurements. 

Gershon  Grossman  and  Elizabeth  Michelson,  Absorption 
Heat  Pump  Simulation  and  Studies:  A  Modular  Computer 
Simulation  of  Absorption  Systems,  Final  Report, 
ORNL/Sub/83-43337/2,  Oak  Ridge  National  Laboratory 
(April  1986). 

Richard  L.  Cox,  Improvements  and  Enhancements  of 
the  ABSORB  Computer  Program  for  Modeling  Chemical 
Absorption  Heat  Pump  Systems,  ORNL/TM-9957 
(July    1986). 
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National  Aeronautics  and 
Space  Administration 


Computer 
Software 


Tracing  Rays  in  a  Solar 
Power  System 

The  optical  behavior  of  an 
offset  paraboloidal  collector 
and  receiver  is  computed. 

OFFSET  is  a  ray-tracing  computer  code 
for  analysis  of  the  optics  of  a  solar  collec- 
tor. The  code  models  the  distributions  of 
solar  flux  within  the  receiver  cavity,  pro- 
duced by  reflections  from  the  collector. 
The  code  was  developed  to  model  mathe- 
matically the  offset  solar  collector  of  the 
solar  dynamic  electric  power  system  that 
is  being  developed  for  Space  Station  Free- 
dom. This  solar  dynamic  system  includes  a 
receiver  offset  from  the  axis  of  a  parabo- 
loidal collector,  which  reflects  solar  energy 
into  the  cylindrical  cavity  of  the  receiver. 
The  solar  energy  heats  a  gas  that  drives  a 
turbogenerator  that  produces  electric 
power. 

The  collector  consists  of  19  hexagonal 
panels.  Each  panel  contains  24  triangular, 
reflective  facets.  The  offset-paraboloidal- 
collector  configuration  is  determined  by  an 
input  file  of  coordinates  of  the  corners  of 
the  facets.  Other  configurations  could  be 
chosen  by  changing  this  file,  but  modifica- 
tions to  the  FORTRAN  code  would  be  re- 
quired to  simulate  collectors  that  have 
other  than  19  groups  of  24  triangular  fa- 
cets. 


Unique  features  of  this  code  include  the 
following: 

1.  Equations  were  developed  to  select 
sources  of  rays  on  the  Sun  pseudo-ran- 
domly.  These  sources  appear  evenly  dis- 
tributed, and  their  relative  strengths  show 
solar-limb  darkening. 

2.  Cone-optic  techniques  are  used  to  add 
surface  specular  errors  to  the  sources  to 
determine  the  apparent  sources  of  the  re- 
flected sunlight. 

3.  The  contours  of  the  reflective  surfaces  of 
the  facets  can  be  chosen  to  be  spherical, 
ideal  paraboloidal,  or  toroidal. 

4.  Gaussian  distributions  of  radial  and  tan- 
gential components  of  surface-slope  er- 
rors are  added  to  the  perpendiculars  to 
the  surface  at  the  10  nodal  points  on  each 
facet. 

5.  Color  contour  plots  of  the  distribution  of 
flux  incident  on  the  receiver  can  be  gen- 
erated by  PATRAN  processing  of  the  out- 
put of  the  computer  code. 

The  code  has  been  used  to  develop  a 
revised  collector-facet  concept  of  four 
groups  of  toroidally  contoured  (instead  of 
spherically  contoured)  facets.  The  four 


groups  have  different  facet  curvatures,  but 
the  facets  within  each  group  are  identical 
and  interchangeable.  The  code  is  being 
used  to  develop  methods  for  tailoring  the 
distribution  of  flux  incident  on  the  receiver. 
These  methods  include  offsetting  the  aper- 
ture of  the  receiver  from  the  axis  of  the 
receiver  and  selecting  aiming  points  for 
alignment  of  each  of  the  facets. 

The  OFFSET  program  was  developed 
for  the  IBM  370  (VM)  and  is  written  in  FOR- 
TRAN 77  (100  percent).  Color  contour  plots 
require  PATRAN  (PDA  Engineering,  Costa 
Mesa,  CA).  OFFSET  was  developed  in 
1987  and  1988. 

This  program  was  written  by  Kent 
Jeffries  of  Lewis  Research  Center  and 
Chris    Gallo    of    W.L    Tanksley   and 
Associates. 
LEW-14778/TN 
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New  Technology 

U.S.  Department  of  the  interior    Bureau  of 


mes 


Choosing  Blasthole  Delay  Times  for  Optimum 
Fragmentation  in  Surface  Mine  Blasting 


Objective 

Provide  guidance  on  the  selection  of  millisecond  initia- 
tor delays  between  blastholes  in  surface  mine  blasting  to 
provide  a  desired  degree  of  rock  fragmentation  consistent 
with  safety  and  vibration  considerations. 

The  Problem 


Blasting  remains  the  primary  means  of  fragmenting 
rock  for  all  kinds  of  mining,  quarrying,  construction,  and 
excavation  activities,  and  it  is  the  only  practical  and  eco- 
nomic method  of  breaking  up  and  moving  large  amounts 
of  material  such  as  coal  overburden  and  stone  aggregate. 
Because  of  the  large  amount  of  blasting  done,  typically 
using  4  billion  pounds  of  explosive  to  break  about  8  billion 
tons  of  rock  annually  in  the  United  States,  a  small  im- 
provement in  blasting  performance  will  have  a  significant 
productivity  impact. 

Standard  blasting  practices  involve  the  selection  of  time 
delays  in  a  blast  for  at  least  three  purposes:  (1)  to  control 
energy  flow  to  minimize  adverse  vibrations,  (2)  to  provide 
sufficient  time  relief  for  good  rock  displacement,  appropri- 
ate muck  pile  shape  for  digging,  and  the  prevention  of 
collar  violence,  misfires,  and  flyrock,  and  (3)  to  provide  an 
appropriate  amount  of  interhole  stress  wave  and  gas  pres- 
sure action  for  a  desired  fragmentation  size  distribution. 
Timing  guidelines  that  exist  are  based  on  subjective  obser- 
vations rather  than  measurements,  even  for  the  relatively 
new  casting  methods.  Until  this  Bureau  study,  no  defini- 
tive analysis  had  been  done  to  quantify  the  fragmentation 
and  productivity  of  full-scale  blast  rounds  as  functions  of 
precision  delay  timing. 


Approach 

The  Bureau  conducted  three  series  of  blasting  tests 
where  fragmented  rock  was  screened  and  weighed  to  de- 
termine fragment  size  distributions  and  productivity.  Sin- 
gle rows  of  blastholes  were  detonated  in  limestone  and 
dolomite  at  two  sites—one  about  one-tenth  scale  and  one 
full  size.  Precision  delays  were  used  between  holes,  rang- 
ing from  near  zero  to  16  ms  per  foot  of  burden.  These 
tests  were  followed  by  a  set  of  full-scale  three-row  tests, 
again  using  precision  delays,  and  the  measurement  of  frag- 
mentation. For  the  full-scale  tests,  delays  between  holes 
in  each  row  were  held  constant  at  the  near-optimum  4  ms 
per  foot;  the  between-row  times  ranged  from  4  to  20  ms 
per  foot. 

Test  Results 

Initiator  delays  between  blastholes  in  a  row  did  influ- 
ence blast  performance.  Most  significant  is  that  the  best 
fragmentation  was  achieved  with  delays  of  at  least  1  ms  per 
foot  of  burden.  Delays  less  than  1  ms  per  foot  of  burden 
resulted  in  blocky  shots  with  poor  fragmentation.  Delays 
longer  than  1  ms  per  foot  had  little  effect  on  fragmenta- 
tion, although  blasthole  cutoffs  and  misfires  became  a 
problem  with  delays  of  8  ms  per  foot  or  more.  Based  on 
test  results,  the  Bureau  recommends  delays  between  holes 
in  a  row  of  1  to  5  ms  per  foot  of  burden. 

Delays  between  rows  of  blastholes  had  little  influence 
on  fragmentation  in  the  range  between  4  and  20  ms  per 
foot  of  burden.  Both  the  within-row  and  between-row 
results  are  significant  for  blast  design  because  they  allow 
a  wide  selection  of  delays  to  enhance  rock  throw  and  con- 
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Broken  rock  from  full-scale  (production-size)  test  blast  of  precision  initiation  delays  was 
screened  and  weighed  to  determine  fragment  size  distributions  and  productivity. 


trol  vibrations  without  adverse  effects  on  fragmentation 

and  safety. 

For  More  Information 

Results  of  these  studies  have  been  published  in  pro- 
ceedings of  Society  of  Explosives  Engineers  conferences: 
"Influence  of  Blast  Delay  Time  on  Rock  Fragmentation 
in  a  22-Foot  Bench,"  by  M.  S.  Stagg  and  S.  A.  Rholl,  was 
published  in  the  Proceedings  of  the  14th  Conference  on 
Explosives  and  Blasting  Technique  (Feb.  1-5,  1988,  Ana- 
heim, CA)  and  "The  Effect  of  Explosive  Type  and  Delay 
Between  Rows  on  Fragmentation,"  by  M.  S.  Stagg,  S.  A. 
Rholl,  and  R.  E.  Otterness,  was  published  in  the  Proceed- 
ings of  the  15th  Conference  on  Explosives  and  Blasting 


Technique  (Feb.  5-10,  1989,  New  Orleans,  LA).  Both 
proceedings  are  available  from  the  Society  of  Explosives 
Engineers,  33610  Solon  Road,  Suite  4,  Solon,  OH  44139. 

The  article  "Influence  of  Blast  Delay  Time  on  Rock 
Fragmentation:  One-Tenth  Scale  Tests,"  by  M.  S.  Stagg, 
was  published  in  the  International  Journal  of  Surface  Min- 
ing, v.  1,  1987,  pp.  215-222. 

To  learn  more  about  the  study,  contact: 

Mark  S.  Stagg  or  David  E.  Siskind 
Twin  Cities  Research  Center 
U.S.  Bureau  of  Mines 
5629  Minnehaha  Avenue  South 
Minneapolis,  MN  55417-3099 
612-725-4574  or  612-725-4598 
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New  Technology 

U.S.  Department  of  the  Interior    Bureau  of  Mines 


Dust  Agglomerator  for  Surface  Coal  Mine  Drills 


Objective 

Improve  the  dust  control  effectiveness  of  dry  collection 
systems  on  surface  coal  mine  drills. 

Approach 

Use  a  dust  pelletizer  to  convert  the  respirable  dust  par- 
ticles discharged  by  the  dry  collector  into  dust  pellets  that 
present  no  health  hazard. 

Background 

Blasthole  drills  are  well-known  sources  of  respirable 
dust  that  can  contain  significant  amounts  of  quartz.  The 
drills  frequently  use  a  dry  cyclone-filter  type  collector  that 
can  obtain  dust  reductions  theoretically  greater  than  95 
pet.  However,  surface  mine  drills  using  dry  collectors  typ- 
ically have  three  major  dust  sources  that  significantly  re- 
duce the  overall  effectiveness  of  the  collection  system: 
(1)  the  dust  collector  dump  cycle,  (2)  drill  shroud  leakage, 
and  (3)  leakage  around  the  drill  stem  seal  in  the  drill 
table. 

The  dust  collector  dump  cycle  is  the  most  significant 
source,  accounting  for  40  pet  of  the  respirable  dust  emit- 
ted. The  dust  collector  has  a  dump  cycle  that  operates  in 
one  of  two  modes.  In  the  first  mode  (trickle  mode),  the 
collector  filter  cleaning  mechanism  operates  at  preset  time 
intervals  (e.g.,  1  min),  allowing  the  dust  to  trickle  out  the 
when  the  bailing  airflow  stops.  This  condition  occurs  when 
drill  rods  are  added  (e.g.,  15-min  intervals)  or  removed, 
and  whenever  the  drill  bit  is  removed  from  the  hole.  The 
batch  mode  creates  the  highest  dust  levels  because  the 


dust  is  accumulated  for  a  longer  time  before  it  is  dumped 
to  the  ground. 

The  dust  discharge  process,  in  itself,  has  several  prob- 
lems associated  with  it.  First,  the  dust  is  usually  emitted 
into  the  ambient  air,  which  creates  significant  dispersion. 
Second,  further  dispersion  occurs  from  impact  with  the 
ground.  Third,  the  dust  pile  formed  from  the  dumping  is 
frequently  driven  through  by  equipment  such  as  drills, 
service  vehicles,  and  ANFO  load  trucks.  The  agglomerator 
concept  offers  a  novel  approach  to  solving  these  problems. 

How  It  Works 


The  agglomeration  device  used  is  a  commercially  avail- 
able pelletizer  with  a  capacity  of  1,000  lb/h.  The  pin-type 
agglomerator  consists  of  a  horizontal  stationary  shell  and 
a  cylindrical  agitation  pelletizer  with  a  horizontal  shaft. 
The  pins  mounted  on  the  shaft  are  oriented  in  a  helix. 
They  rotate  inside  the  shell,  imparting  a  spinning  motion 
to  the  dust  particles  in  the  vortex  behind  them.  As  they 
spin,  the  particles  become  coated  with  a  liquid  binder, 
collide  with  other  particles,  and  coalesce  into  dust-free 
micropellets.  The  helical  pin  arrangement  conveys  the 
material  axially  through  the  machine  until  it  reaches  the 
end  of  the  drum  where  it  drops  out  as  nonuniform  size 
nonrespirable  pellets.  A  screw  conveyor  meters  the  dust 
from  the  collector  discharge  port  into  the  pelletizer,  and  at 
intervals  a  water  spray  system  injects  small  amounts  of 
water  into  the  system. 

For  testing,  the  pelletizer  was  mounted  outboard  from 
the  drill,  next  to  the  caterpillar  pad  simply  for  ease  of 
installation.  A  permanent  installation  would  require  the 
pelletizer  system  to  be  located  in  a  safer  location  (the  out- 
board installation  incurred  damage  during  the  field  tests). 
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Interior  (right)  of  dust  agglomerator  mounted  outboard  from  the  drill, 
next  to  the  caterpillar  pad  (below). 
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Test  Results 


For  More  Information 


In  tests  to  compare  the  action  of  the  pelletizer  with  and 
without  the  addition  of  water,  dust  levels  from  the  collec- 
tor dump  cycle  in  the  trickle  discharge  mode  were  reduced 
from  65  to  73  pet  by  adding  water.  There  was  little  differ- 
ence in  dust  levels  without  the  pelletizer  installed  on  the 
drill,  and  w*ih  the  pelletizer  operated  without  water. 

During  dry  tests  there  was  no  noticeable  change  in  the 
physical  consistency  of  the  dust.  However,  injecting  water 
into  the  pelletizer  in  small  amounts  produced  1-  to  10-mm- 
diameter  pellets.  The  pellet  size  increased  with  greater 
amounts  of  water;  the  maximum  water  flow  rate  was  0.1 
gal/min  during  the  periods  that  dust  was  being  fed  to  the 
pelletizer.  These  tests  demonstrate  the  potential  for  re- 
ducing the  respirable  dust  emissions  from  the  collector 
dump  cycle. 


Technology  News  286  and  308  provide  additional  infor- 
mation on  techniques  to  control  respirable  dust  emissions 
from  highwall  drills. 

Additional  information  can  be  obtained  by  contacting 
the  principal  investigator  for  this  study: 


Steven  J.  Page 
Pittsburgh  Research  Center 
U.S.  Bureau  of  Mines 
Cochrans  Mill  Road 
P.O.  Box  18070 
Pittsburgh,  PA   15236 
(412-892-6669) 
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New  Technology 

U.S.  Department  of  the  Interior    Bureau  of  Mines 


Procedures  for  Designing  In  Situ  Leach  Mines  for  Copper 


Objective 

Provide  the  U.S.  mining  industry  with  technol- 
ogy for  designing  environmentally  sound,  low- 
cost  in  situ  leach  mining  operations  to  produce 


An  in  situ  copper  mining  operation  combines 
surface  and  subsurface  facilities  in  the  following 
manner: 

1.  Chemicals  used  to  dissolve  and  main- 
tain the  copper  in 


copper  from  small,  deep,  and/or  low-grade     solution  are  prepared  in  the  surface  facility. 

2.  The  solvent  is  pumped  down  a  set  of 
injection  wells  and  forced  into  pores  and  frac- 
tures in  the  rock  by  using  a  pressure  exceeding 
the  hydrostatic  pressure  in  the  deposit. 


copper  oxide  deposits. 
Approach 


INJECTION 
WELL 


Investigate  the  feasibility  of  a  new 
mining  method~in  situ  leach  mining- 
as  an  alternative  to  conventional 
mining  for  copper.  Study  fundamen- 
tal leaching  technology  that  will  facili- 
tate future  commercial  operations. 
Develop  guidelines  and  procedures 
that  will  enable  mine  operators  to 
design  and  evaluate  in  situ  leach 
mining  operations  for  any  specific 
copper  oxide  deposit. 

About  In  Situ  Leach  Mining  for 
Copper 

In  situ  leach  mining  involves  the  re- 
covery of  mineral  values  from  undis- 
turbed ore  by  circulating  solvents,  such  as  dilute 
sulfuric  acid  for  copper  oxide  recovery,  through 
the  ore  in  its  natural  state.  In  contrast,  conven- 
tional mining  requires  mine  workers  to  break 
the  ore  and  transport  it  to  a  processing  facility. 
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RECOVERY 
WELL 


PROCESSING  PLANT 


ORE  MINERALIZATION 
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LEACH  SOLUTION 


In  Situ  Leach  Mining  Process 

3.  As  the  solvent  travels  through  these 
flow  channels  in 

the  rock,  it  dissolves  copper  minerals  and  trans- 
ports the  copper  to  adjacent  production  wells. 

4.  The  copper-enriched  solutions  are 
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collected  in  the  production  wells  and  then 
pumped  to  the  surface. 

5.  Copper  is  recovered  from  the  en- 
riched solutions  in  a  solvent  extraction-elec- 
trowinning  plant;  the  acid  is  regenerated  in  the 
plant  for  recirculation  through  the  ore  zone. 
The  solvent  will  make  many  trips  through  the 
ore  zone  before  the  copper  in  a  given  well 
pattern  will  be  depleted. 

Design  Procedures 

During  its  research  on  in  situ  mining  technology, 
the  Bureau  developed  several  "tools"  that 
mining  companies  may  use  to  design  operations 
for  copper  oxide  deposits.  A  major  design  tool 
consisted  of  a  systematic  method  for  assessing 
the  commercial  feasibility  of  in  situ  copper 
mining  at  any  selected  oxide  deposit. 

Developed  during  a  contract  study,  the  method 
features— 

*  Identification  of  site-specific  parame- 
ters that  must  be  quantified. 

*  Descriptions  of  laboratory  and  field 
tests  to  measure  these  parameters. 

*  A  method  for  selecting  the  best  mining 
scenario  for  any  specific  site. 

*  A  computer  model  for  determining  all 
capital  and  operating  expenses  associated  with 
the  well  field,  solvent  extraction-electrowinning 
plant,  and  environmental  permitting  activities. 
The  model  also  allows  a  company  to  conduct  an 
economic  analysis  of  the  proposed  operation. 

*  A  description  of  the  procedures,  speci- 
fications, designs,  costs  for  environmental  per- 
mitting in  the  State  of  Arizona. 

Bureau  researchers  also  developed  techniques 
for  evaluating  the  nfluence  of  geological  and 
geochemical  characteristics  of  an  ore  deposit  on 
the  design  of  an  in  situ  mining  operation.  The 
Bureau  developed  several  computer  models  de- 
scribing leaching  solution  flow  in  certain  hydro- 
logic  regimes.  Hydrologists  need  such  models  to 
design  the  most  efficient  well  field. 

Further  details  concerning  methods  for  design- 


ing in  situ  leaching  operations  for  copper  oxide 
deposits,  as  well  as  sample  applications,  can  be 
found  in  the  following  contract  final  reports,  g 
These  reports  are  sold  by  the  National  Techni-  I 
cal  Information  Service  (NTIS).  Each  volume 
can  be  ordered  separately  at  the  the  prices 
noted. 

Volume  I,  Executive  Summary;  NTIS 
No.  PB89-148217/AS,  $15.95  for  paper  copy, 
$6.95  for  microfiche. 

Volume  II,  Draft  Generic  In  Situ  Copper 
Mine  Design  Manual; 

NTIS  No.  PB89-148225/AS,  $49.95  for 
paper,  $6.95  for  microfiche. 

Volume  III,  Lakeshore  Field  Experi- 
ment and  Design  of  Commercial  Scale  Opera- 
tion; NTIS  No.  PB89-153228/AS,  $36.95  on 
paper,  $6.95  on  microfiche. 

Volume  IV,  Santa  Cruz  Field  Experi- 
ment and  Design  of  Commercial  Scale  Opera- 
tion; NTIS  No.  PB89-153290/AS,  $36.95  on 
paper,  $6.95  on  microfiche. 

Volume  V,  Field  Testing  at  the  Santa 
Cruz  Site;  NTIS  No.  PB89- 153303/ AS,  $21.95 
for  paper  copy,  $6.95  on  microfiche.  ( 

A  summary  of  the  Bureau's  most  recent  devel- 
opments in  computer  modeling  of  solution  flow 
and  their  applications  in  designing  well  fields 
are  contained  in  the  Bureau's  Information  Cir- 
cular (IC)  9216,  "In  Situ  Leaching  Mining. 
Proceedings:  Bureau  of  Mines,  Technology 
Transfer  Seminars,  Phoenix,  AZ,  April  4,  and 
Salt  Lake  City,  UT,  April  6, 1989."  This  report 
also  discusses  the  impact  of  geocharacteristics 
on  in  situ  copper  leach  mine  design.  A  copy  of 
the  IC  may  be  obtained  by  writing  to  the 
Bureau's  Publication  Distribution  Section,  P.O. 
Box  18070,  Cochrans  Mill  Road,  Pittsburgh,  PA 
15236.  Additional  technical  information  is 
available  from  Jon  K.  Ahlness,  Twin  Cities 
Research  Center,  Bureau  of  Mines,  5629  Min- 
nehaha Avenue  South,  Minneapolis,  MN  55417 
(612)  725-4673. 


( 


To  order,  write  NTIS  at  5285  Port  Royal  Road, 
Springfield,  VA  22161. 


New  Technology 

U.S.  Department  of  the  Interior    Bureau  of  Mines 


Predrlven  Recovery  Rooms  Reduce  Longwall  Equipment 
Transfer  Time 


Objective 

Reduce  longwall  equipment  transfer  time  between 
panels  by  utilizing  a  predriven  recovery  room,  and  thus 
eliminate  the  premove  preparation  associated  with  most 
equipment  recovery  methods. 


How  It  Works 

For  the  recovery  entry  to  be  effective,  the  material  used 
for  supplemental  support  must  offer  adequate  strength  to 
support  loads  imposed  by  the  front  abutment  pressure,  yet 
it  must  provide  sufficient  deformation  to  allow  for  a  redis- 
tribution of  front  abutment  stress  to  the  outby  support 
pillars.  Once  a  redistribution  of  stress  has  occurred,  the 
face  can  proceed  into  the  recovery  room. 


Background  and  Approach 

The  recovery  point  for  a  retreating  longwall  is  a  pre- 
determined position  near  the  end  of  the  panel  where  min- 
ing is  terminated  and  equipment  is  disassembled  and  re- 
moved. However,  to  prepare  for  equipment  removal  at 
the  recovery  point,  bolting  and  wire  meshing  are  required 
before  the  recovery  point  is  reached.  Usually,  prepara- 
tions for  equipment  recovery  begin  about  35  ft  from  the 
recovery  point,  significantly  impeding  the  normal  rate  of 
advance  of  the  longwall  and,  consequently,  production. 

Recently,  BethEnergy  Mines,  Inc.,  and  the  Bureau  of 
Mines  cooperated  to  evaluate  the  applicability  of  utilizing 
predriven  recovery  rooms  to  improve  longwall  equipment 
recovery.  A  predriven  recovery  room  is  an  entry  driven 
parallel  to  the  longwall  face  at  the  end  of  the  panel,  hav- 
ing standard  dimensions  (for  that  particular  mine)  and 
supported  with  bolts,  wire  mesh,  and  supplemental  sup- 
port. The  preparation  of  this  entry  is  completed  before  it 
experiences  mining-induced  effects  from  the  approaching 
longwall  face.  This  enables  the  face  to  continue  to  mine 
at  its  normal  rate  of  advance  until  the  panel  is  completed. 
The  supplemental  support  is  required  to  control  the  loads 
imposed  by  the  front  abutment  and  is  the  most  vital  com- 
ponent of  the  recovery  room. 


Test  Results 

Three  different  types  of  supplemental  support  material 
were  used  in  four  recovery  test  entries.  In  three  of  the 
recovery  rooms,  a  fly  ash-cement  mixture  was  poured  into 
forms  that  extended  the  length  of  the  entry.  The  fourth 
recovery  room  utilized  fiber-reinforced  concrete  cribbing. 
Wood  was  added  to  support  members  to  provide  the  yield- 
ing characteristics  required  for  stress  redistribution.  Re- 
sults of  four  recovery-entry  study  areas  show  the  progres- 
sion and  influence  of  the  front  abutment  on  the  longwall 
panel  and  supports  and  their  subsequent  behavior. 

The  best  performance  of  support  material  was  achieved 
through  the  use  of  a  concrete  mixture  that  had  a  sand 
content  of  35  pet  by  volume.  This  mixture,  poured  in  the 
shape  of  a  column,  was  used  to  support  the  roof,  as  shown 
in  figure  1.  After  providing  supports,  the  longwall  cuts 
through  the  concrete  piers  (columns)  and  moves  into  posi- 
tion for  recovery.  The  longwall  transfer  time  was  reduced 
by  30  pet,  which  translates  to  a  production  advantage  of 
37,000  raw  tons  of  coal  per  panel. 
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Figure  1 -Presupported  recovery  entry. 


For  More  Information 

Additional  information  may  be   obtained  from   the 
following  persons: 

Thomas  P.  Mucho 
BethEnergy  Mines,  Inc. 
Eighty  Four  Complex 
Eighty  Four,  PA   15330 
412-223-6200 


Jeffrey  M.  Listak  or  Eric  R.  Bauer 
Pittsburgh  Research  Center 
U.S.  Bureau  of  Mines 
P.O.  Box  18070 
Cochrans  Mill  Road 
Pittsburgh,  PA  15236 
412-892-4306  or  412-892-6518. 
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Technology  Application 


Oak  Ridge  National  Laboratories 


All-Metal  Reentrant  Vacuum  Feedthrough 


Researchers  in  ORNL's  Fusion  Energy  Division 
have  designed,  built,  and  tested  a  demountable, 
all-metal  reentrant  vacuum  feedthrough  for  use 
with  the  Advanced  Toroidal  Facility  (ATF) 
diagnostics.  This  type  of  feedthrough  is  required 
for  diagnostics  containing  electrical  coils  that 
must  permanently  remain  in  place  in  the  vacuum 
chamber.  The  new  design  is  different  from 
commercially  available  all-metal  feedthroughs  in 
that  is  allows  the  vacuum  vessel  port  cover  to  be 
removed  while  leaving  the  internal  diagnostics  in 
situ.  This  new  feedthrough  has  been  proven  to 
remain  leaktight  at  temperatures  above  the 
bakeout  temperature  of  the  ATF  vacuum 
chamber  (150°C). 

A  cross-sectional  view  of  the  seal  is  given  in 
Fig.  1 .  The  seal  is  composed  of  two  flanges 
whose  mating  surfaces  are  machined  to  accept  a 
standard  Conflat  copper  gasket  (b).  One  flange 
(a)  is  welded  to  (or  machined  into)  to  the 
vacuum  chamber's  port  cover,  around  the 
penetration  that  it  will  seal.  The  second  flange 
(c)  is  attached  to  the  base  of  an  extension  that 
passes   through  the  penetration.  The  tube 
passing  through  the  vacuum  chamber  port  cover 
is  welded  to  the  external  end  of  the  extension.  A 
jacking  ring  (e),   which  is  drilled  and  tapped  to 
accept  a  circle  of  jackscrews  (d),  attaches  to  the 
extension   by  either  a  threaded  connection  or  a 
circ-clip  fitted  into  a  machined  groove.  Tightening 
the  jackscrews  forces  the  two  mating  surfaces 
together,  thus  forming  a  seal.  A  chrome-plated 
thrust  washer  (f)  between  the  outer  surface  and 
jacking  ring  prevents  the  bolts  from  galling  the 
chamber's  outer  surface. 

A  minimum  assembly  diameter  is  maintained 


INSIDE 
CHAMBER 


Fig.  1.  Cross  section  of  the  assembled  seal,  (a)  seal 
flange  welded  to  the  inside  of  vacuum  chamber; 
(b)  standard  Conflat  copper  gasket;  (c)  seal  flange 
with  extension  welded  to  fluid  line  or  tube; 
Id)  jackscrew;  (e)  jacking  ring;  (f)  chrome-plated 
thrust  washer. 

because  the  jackscrews  are  on  the  same  radius 
as  the  sealing  ring,  which  permits  close  spacing 
of  the  feedthroughs.  In  addition,  no  rotational 
torques  are  applied  to  the  overall  seal  assembly 
during  the  sealing  process,  and  no  special  keying 
or  alignment  is  required  for  the  reentrant  seal  or 
the  overall  assembly.  The  seal  has  a  narrow 
sleeve  section,  which  maintains  some  elasticity  in 
the  assembly  and  maximizes  the  clear  aperture. 
The  prototype  design  criterion  for  use  on  the 
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ATF  was  to  generate  a  sealing  force  in  excess 
of  2000  lb/in.  for  the  sealing  surface.  The 
properties  of  type  304  stainless  steel, 
considerations  for  a  margin  of  safety,  and  the 
need  to  retain  minimal  spacing  dictated  the 
remaining  dimensions.  The  feedthrough  was 
tested  with  unlubricated,  high-strength  screws 
and  with  lubricated,  series  300  stainless-steel 
screws.  Both  types  of  bolts  produced  leaktight 
seals  when  torqued  to  20  and  40  in. -lb, 
indicating  a  wide  margin  of  sealing  force.  The 
assembly  retained  its  seal  (to  1  x  106atm  cc/s 
He)  after  2  h  in  an  oven  at  250°  C.  In  addition, 
the  seal  can  be  broken  and  reassembled  using 


the  same  gasket.  Criteria  can  be  established  for 
any  feedthrough  diameter  and  suited  to  standard 
Confiat  flange  sizes. 


P.  H.  Edmonds  and  W.  D.  Shipley,  "A  Reentrant  Bakable 
All-Metal  Feedthrough  Vacuum  Seal,"  J.  Vac.  Sci.  Technol. 
A  6(1)  (1988),  165-67. 


Additional  information: 

Office  of  Technology  Applications 

Oak  Ridge  National  Laboratory 

P.O.  Box  2008 

Oak  Ridge,  TN  37831-6257 

(815)574-4192 
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Technology  Application 


/da/70  National  Engineering  Laboratory 

Disengagement  Lock  for  PaR  Manipulator  Hand 


A  lock  has  been  designed  to  prevent  inadvertent  disengagement  of  a  PaR  manipulator  hand  from  the 
manipulator  arm.   The  lock  is  a  hinged  collar  which  closes  around  the  manipulator  hand 
disengagement  collar.  A  stub  on  the  inside  of  the  lock  blocks  the  guide  slot  in  the  hand's  collar, 
preventing  it  from  moving,  thus  preventing  the  hand  from  accidental  disengagement  while  the  lock 
is  in  place.   The  installation  and  removal  of  the  lock  is  a  hands-on  operation  and  requires  no 
modification  to  the  manipulator  hand.   Without  the  lock,  accidental  disengagement  of  the  PaR 
manipulator  hand  can  occur  inadvertently. 

FOR  ADDITIONAL  INFORMATION:  Contact  Robert  R.  Campbell,  Idaho  National  Engineering 
Laboratory,  P.O.  Box  4000,  Idaho  Falls,  ID  83403  (208)526-0997.     Refer  to  DOE/INEL- 
045/TN. 
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Technology  Application 


Idaho  National  Engineering  Laboratory 


Enclosed  Rotary  Disc  Air  Pulser 


A  device  consists  of  two  circular  discs  enclosed  in  a  pipe,  which  alternately  pressurize  and  vent  the 
pulse  leg  of  a  solvent-extraction  pulse-column  contactor.    The  discs  are  driven  by  a  variable-speed 
electrical  motor.   The  device  provides  better  control  of  the  frequency  and  pulse  height  of  the  air 
bubbles  delivered  to  the  column  which  in  turn  optimizes  mixing  and  contact  of  the  organic  and  liquid 
phases.  The  device  has  application  where  solvent  extraction  by  pulse  contactors  are  used. 

FOR  ADDITIONAL  INFORMATION:  Contact  Robert  R.  Campbell,  Idaho  National  Engineering 
Laboratory,  P.O.  Box  4000,  Idaho  Falls,  ID  83403;  (208)526-0997.     Refer  to  DOE/INEL-039TN. 
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IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Vibrating  Beam  With 
Spatially  Periodic  Stiffness 

Vibrational  modes  are 
analyzed  via  a 
perturbation  expansion. 

A  report  presents  a  theoretical  analysis 
of  the  vibrations  of  a  simply  supported 
beam,  the  bending  stiffness  of  which  varies 
about  a  steady  value,  sinusoidally  with 
position  along  its  length.  This  is  a  problem 
of  practical  importance  because  it  is  re- 
lated to  the  vibrations  of  twisted-pair  elec- 
tric-power transmission  lines.  The  twists 
are  meant  to  promote  the  nonuniform 
shedding  of  vortexes  and  to  prevent  the 
resonant  accumulation  of  vibrational  ener- 
gy from  wind. 

The  beam  is  assumed  to  be  long  in  com- 
parison with  its  width  and  thickness,  to  have 
negligible  rotary  inertia  about  its  centerline, 
and  to  undergo  negligible  dynamic  shear 
distortions.  Hooke's  law  is  assumed  to  hold. 
The  equation  of  motion  for  vibrations  of  the 
beam  is  written  in  the  normal-mode  form. 
The  equation  is  put  in  a  dimensionless  form 
in  which  the  sinusoidal  variation  of  stiffness 
is  represented  as  a  fraction,  e,  of  the  steady 
value. 

The  exact  equation  is  a  nonlinear  fourth- 
order  differential  equation  with  variable  co- 
efficients. Because  an  exact  analytic  solu- 
tion in  closed  form  is  not  available,  the 
author  solves  the  equation  approximately 
in  closed  form  by  expressing  the  eigen- 


functions  and  eigenvalues  as  perturbation 
expansions  to  first  or  second  order  in  i. 

The  perturbation  solutions  are  charac- 
terized in  terms  of  the  ratio  P/n,  where  p  is 
the  number  of  half  periods  of  the  stiffness 
function  in  the  length  of  the  beam  and  n  is 
the  number  of  the  vibration  mode.  These 
solutions  exhibit  two  distinct  ranges  in 
which  the  effects  of  the  perturbations  are 
the  strongest:  P/n  <  1  and  P/n  near  2.  The 
results  of  the  perturbation  analysis  are 
confirmed  by  a  finite-element  numerical 
simulation  and  by  measurements  of  vibra- 
tions in  a  twisted-pair  cable. 

At  P/n  =  1,  the  maximum  and  minimum 
stiffnesses  occur  at  the  vibrational  nodes 
in  alternating  sequence  along  the  beam. 
An  anomaly  occurs  at  P/n  =  2,  when  the 
lengths  of  the  vibration  loops  match  the 
period  of  the  stiffness  function,  the  nodes 
are  at  the  points  of  maximum  stiffness,  and 
the  antinodes  are  at  the  points  of  minimum 
stiffness.  Furthermore,  at  the  anomaly,  the 
stiffnesses  of  the  vibration  loops  vary  most 
sharply  with  P/n,  there  is  a  jump  in  the 
natural  frequency  of  vibration,  and  the  per- 
turbation solution  loses  some  accuracy 
(though  it  is  still  adequate  to  describe  the 
qualitative  characteristics  of  the  vibra- 


tions). 

The  changes  in  the  shapes  of  the  vibra- 
tional modes  with  changes  in  P/n  can  be 
explained  in  terms  of  energy  principles.  Ap- 
parently, there  is  a  tendency  toward  mini- 
mization of  the  elastic  strain  energy  stored 
in  the  dynamic  span  via  adjustment  of  the 
lengths  of  the  vibrating  loops  until  the  same 
average  bending  stiffness  exists  across 
each  loop.  Equalization  of  loop  stiffnesses 
may  require  the  loops  to  have  different 
lengths  depending  on  the  vibrational 
mode.  Because  longer  loops  have  greater 
masses,  the  equal  distribution  of  potential 
(and,  therefore,  kinetic)  energy  among  the 
loops  requires  that  longer  loops  vibrate  at 
smaller  amplitudes. 

This  work  was  done  by  John  S.  Townsend 
of  Marshall  Space  Flight  Center.  Further 
information  may  be  found  in  NASA  TP- 
2697  [N88-23988],  Price  Code:  A03 
"Dynamic  Characteristics  of  a  Vibrating 
Beam  With  Periodic  Variation  in  Bending 
Stiffness. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  MFS-27202/TN 
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Transpiration  and  Regenerative  Cooling  of  Rocket  Engine 

Transpiration  cooling  extends  the  limits  of  performance. 


The  addition  of  transpiration  cooling  to  a 
regeneratively-cooled  rocket-engine  com- 
bustion chamber  has  been  proposed.  This 
modification  would  improve  the  perform- 
ance of  the  engine  by  allowing  the  use  of 
higher  chamber  pressure.  The  concept 
may  also  be  applicable  to  advanced,  high- 
performance  terrestrial  engines  or  some 
kinds  of  industrial  combustion  chambers. 

Heretofore,  atypical  liquid-fueled  rocket 
engine  has  used  regenerative  cooling,  in 
which  fuel  or  oxidant  is  pumped  along 
channels  in  the  wall  of  the  combustion 
chamber.  The  pumped  propellant  absorbs 
heat  from  the  wall,  and  the  heat  aids  in  the 
vaporization  of  the  fluid  upon  subsequent 
injection  into  the  chamber.  An  attempt  to 
improve  performance  by  increasing  pres- 
sure in  the  chamber  requires  a  higher  cool- 
ant-pump discharge  pressure  and  a  higher 
pressure  drop  in  the  coolant.  The  latter  two 
effects  impose  a  limit  beyond  which  the 
engine  cannot  be  regeneratively  cooled 
with  propellant  and/or  the  power  or  other 
measure  of  overall  performance  of  the 
engine  cannot  be  increased. 

The  combination  of  transpiration  and  re- 
generative cooling  should  make  it  possible 
to  exceed  this  limit,  in  the  new  cooling 
scheme  (see  figure),  the  chamber  and  noz- 
zle sections  of  the  wall  of  the  combustion 
chamber  would  be  cooled  regeneratively 
while  the  throat  section  would  be  cooled  by 
transpiration.  The  fuel  would  diffuse  into 
the  chamber  through  small  holes  in  the 
throat  section  of  the  wall  from  bypass 
channels  that  connect  the  chamber  and 


Regenerative-Cooling 
Channel 


Transpiration  Flow 


The  Throat  Section  of  the  combustion-chamber  wall  would  be  cooled  by  transpiration,  while 
the  chamber  and  nozzle  sections  would  be  cooled  by  fluid  flowing  in  closed  channels. 


nozzle  sections.  The  transpiration  and  re- 
generative flows  can  be  apportioned  with 
metering  channels,  manifolds,  and  com- 
partments. The  bypass  of  the  coolant 
around  the  throat  section  (as  opposed  to 
pumping  it  through  regenerative-cooling 
channels  in  the  throat  section)  should  re- 
duce significantly  the  pressure  drop  in  the 
coolant  circuit,  thereby  reducing  the  re- 
quired pumping  power  and  discharge 
pressure. 

Transpiration  cooling  degrades  the  per- 
formance of  the  engine  somewhat  by  dis- 
turbing the  fuel/oxidant  mixture.  The  mag- 
nitude of  this  effect  depends  on  the  coolant 
fluid.  However,  the  new  cooling  scheme 


should  increase  the  net  output  power.  A 
transpiration-cooled  throat  should  be  more 
reliable  than  a  regeneratively  cooled  throat 
is  when  designed  near  its  state-of-the-art 
limit.  With  proper  design,  the  new  cooling 
scheme  should  make  it  possible  to  achieve 
higher  chamber  pressure  and  higher  over- 
all performance  in  a  smaller  engine. 

This  work  was  done  by  Charles  J. 
O'Brien  of  Aerojet  TechSystems  Co.  for 
Marshall  Space  Flight  Center. 
MFS-2825 1/TN 
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Three-Position  Cryogenic  Actuator 

The  position  is  selected  by  selecting  the  applied  pressure. 


A  linear  actuator  is  set  at  one  of  three 
positions  by  supplying  gas  to  it  at  a  suitable 
pressure.  The  actuator  is  designed  for  use 
as  part  of  a  relief  valve  in  a  system  that 
stores  liquid  oxygen. 

The  actuator  rod  is  connected  to  a  small 
piston  that  slides  inside  a  large  piston.  The 
large  piston  slides  in  the  bore  of  a  housing, 
supported  at  one  end  by  a  spring-ener- 
gized two-piston-ring  seal  and  at  the  other 
end  by  a  split  ring  (see  figure).  A  return 
spring  pushes  the  rod  away  from  the  hous- 
ing (to  the  right  in  the  figure). 

When  no  pressure  is  applied  to  the  pis- 
tons through  the  supply  port,  the  actuator 
rod  remains  at  its  outermost  (rightmost) 
position.  When  the  applied  pressure  is  in- 
creased to  R, ,  the  large  piston  moves  to  the 
left,  pulling  the  small  piston  and  the  rod 
with  it,  until  it  comes  to  a  stop  against  the 
outer  face  seal  in  the  bore.  This  stop 
establishes  the  intermediate  position  of  the 
actuator  rod. 

When  the  pressure  is  increased  from  P1 
to  Pj,  the  small  piston  is  driven  to  the  left  in- 
side the  large  piston  until  it  comes  to  a  stop 
against  the  inner  face  seal  in  the  large 
piston.  This  establishes  the  innermost  (left- 
most) position  of  the  actuator  rod.  When 
the  pressure  is  decreased,  the  return 
spring  rnves  the  actuator  rod  back  to  the 
right,  in  the  reverse  of  the  preceding  se- 
quence. 

When  the  pressure  is  cycled  up  and  down, 
there  is  little  hysteresis  in  the  back-and- 
forth  motion  of  the  actuator  rod  because 
the  seals  are  designed  for  low  friction.  The 
seal  of  the  large  piston  consists  of  two 
polytetrafluoroethylene  piston  rings  ener- 
gized by  a  spring.  The  seals  of  the  small 
piston  and  rod  are  made  of  polytetrafluo- 
roethylene, are  energized  by  springs,  and 
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The  Actuator  Comes  to  a  Stop  at  any  of  three  positions,  depending  on  the  pressure  at  the 
supply  port.  The  seals  are  made  of  polytetrafluoroethylene  for  low  friction  at  low 
temperatures. 


have  pressure-assisted,  approximately-C- 
shaped  cross  sections.  The  face  seals  and 
the  split-ring  bearing  on  the  left  end  of  the 
large  piston  are  also  made  of  polytetra- 
fluoroethylene. The  use  of  polytetrafluoro- 
ethylene and  large  clearances  helps  to 
reduce  friction  and  makes  it  possible  to 
operate  over  the  range  of  temperatures 
from  -420  to  250  °F  ( -251  to  121  °C). 

This  work  was  done  by  Peter  B.  Allen 
and  James  White  of  Martin  Marietta  Corp. 
for  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 


Marshall  Space  Flight  Center.  Refer  to 
MFS-28265/TN. 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 
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Survey  of  Wind  Tunnels  at 
Langley  Research  Center 

Capabilities  and 
recent  and  planned 
improvements  are  described. 

A  report  was  presented  at  the  AIM 
14th  Aerodynamic  Testing  Conference  on 
current  capabilities  and  planned  improve- 
ments at  NASA  Langley  Research  Cen- 
ter's major  wind  tunnels.  Langley  Re- 
search Center  has  nearly  40  wind  tunnels 
varying  in  size  and  complexity  from  small, 
inexpensive  research  tunnels  to  the  new, 
$85-million  National  Transonic  Facility.  The 
estimated  replacement  cost  of  Langley's 
wind  tunnels  approaches  $1  billion.  The 
report  focuses  on  14  major  tunnels,  8  of 
which  are  unique  in  the  world  and  3  of 
which  are  unique  in  this  country. 

Some  of  Langley's  wind  tunnels  are  over 
50  y?ars  old.  During  the  past  decade,  more 
than  $100  million  has  been  spent  in  up- 
grading the  major  existing  tunnels,  and  ap- 
proximately another  $100  million  on  new 
construction.  In  addition  to  routine  repair, 
refurbishment,  and  modernization,  em- 
phasis has  been  placed  on  increased  cap- 
ability. Flow  quality  has  been  improved 
across  the  speed  regime.  Cryogenic  tech- 
nology has  been  used  to  achieve  full-scale 
Reynolds-number  capability  and  increased 
flexibility.  Advances  in  instrumentation, 


particularly  nonintrusive  techniques,  have 
been  exploited.  Two  new  supersonic  tun- 
nels are  being  added  to  increase  Langley's 
capability  for  supersonic  tests.  The  hyper- 
sonic complexes  are  being  upgraded  and 
expanded  in  both  propulsion  and  aerother- 
mal  capabilities. 

The  report  covers  the  Langley  Spin  Tun- 
nel, which  is  uniquely  designed  to  free-spin 
test  dynamically  scaled  models  to  de- 
termine-spin  and  recovery  characteristics 
of  aircraft.  Despite  the  age  of  this  facility 
(45  years),  it  is  serviceable  and  is  in  con- 
tinuous two-shift  operation. 

The  report  includes  the  new  National 
Transonic  Facility  (NTF),  a  cryogenic,  fan- 
driven  wind  tunnel  designed  to  provide  full- 
scale  Reynolds-number  capability  in  the 
critical  flight  regimes  of  most  current  and 
planned  aircraft.  It  can  operate  at  mach 
numbers  from  0.2  to  1.2. 

This  report  also  surveys  the  Langley 
Unitary  Plan  Wind  Tunnel  (UPWT),  a 
closed-circuit,  variable-pressure  facility 
with  a  mach-number  range  of  1.47  to  4.6. 
Virtually  every  supersonic  airplane,  mis- 
sile, and  spacecraft  in  the  United  States  in- 


ventory has  undergone  extensive  tests  in 
this  facility  since  it  began  operating  in 
1955. 

The  report  addresses  the  resurgence  of 
the  inexpensive  (less  than  $100  thousand), 
simple-tooperate  research  tunnels.  Sever- 
al of  these  tunnels  exist  at  Langley  to  per- 
form fundamental  research  that  is  not  ap- 
propriate for  the  larger,  more  expensive 
tunnels. 

The  report  predicts  that  there  will  be  no 
shortage  of  tools  for  the  aerospace  re- 
searcher and  engineer  in  the  next  decade 
or  two.  There  will  be  new  major  wind  tun- 
nels and  many  research  tunnels.  New  ad- 
vances will  provide  unparalleled  diagnostic 
tools. 

This  work  was  done  by  Robert  E.  Bower 
of  Langley  Research  Center.  Further  in- 
formatbn  may  be  found  in  AIM  paper 
86A-37087,  "Current  Wind  Tunnel  Capabil- 
ity and  Planned  Improvements  at  Langley 
Research  Center." 

Copies  may  be  purchased  from  AIAA 
Technical  Information  Services  Library, 
555  West  57th  Street,  New  York,  New  York 
10019,  Telephone  No.  (212)  247-6500. 
ARC-14037/TN 
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Calculating  Obscuration  Ratios  of  Contaminated  Surfaces 

Equations  for  the  calculation  of  an  index  of  cleanliness  are  derived. 


Equations  have  been  derived  to  esti- 
mate the  obscuration  ratios  of  surfaces 
contaminated  by  particles.  The  obscura- 
tion ratio  is  the  fraction  of  surface  area 
covered  by  the  particles.  It  is  useful  as  an 
index  of  cleanliness  in  clean-room  opera- 
tions in  the  manufacture  of  semiconductor 
devices,  magnetic  recording  media,  opti- 
cal devices,  and  pharmaceutical  and  bio- 
technological  products. 

The  complete  description  of  the  clean- 
liness of  a  surface  requires  the  areal  densi- 
ty of  particles  as  a  function  of  their  sizes.  In 
many  cases,  the  data  available  are  too  lim- 
ited to  provide  this  distribution.  Limitations 
include  the  granularity  of  the  particle-size 
intervals  and  the  statistics  of  the  particle 
counts.  In  addition,  the  complete  distribu- 
tions for  two  surfaces  do  not,  in  general, 
permit  the  comparison  of  their  cleanliness. 
Only  in  the  special  case  in  which  the  distri- 
bution for  one  surface  is  bounded  by  the 
distribution  of  another  for  all  particle  sizes 
may  one  state  that  the  first  surface  is 
cleaner  than  the  second.  Nevertheless, 
the  obscuration  ratio  is  a  convenient  meas- 
ure of  contamination  with  respect  to  ef- 
fects that  are  proportional  to  the  squares  of 
the  sizes  of  particles. 

For  the  purpose  of  this  estimation,  it  is 


assumed  that  the  available  measurements 
and  counts  of  particles  can  be  fitted  to  a 
continuous  areal-density  distribution.  To 
accommodate  fibers,  particles  of  roughly 
spherical  shape,  and  various  size-depend- 
ent quantities,  the  cross-sectional  area  of  a 
particle  in  the  distribution  is  considered  to 
be  proportional  to  an  arbitrary  power  of  the 
size  of  the  particle  (e.g.,  diameter2  for  a 
sphere  or  length1  for  a  fiber). 

The  assumed  distribution  is  a  generalized 
form  of  the  one  in  MIL-STD-1246A: 

log  n(>d)  =  log  n0  +  s  log2d 
where  n(>d)  =  the  number  of  particles  per 
unit  area  of  size  greater  than  d,  nQ  =  the 
number  of  particles  per  unit  area  of  size 
greater  than  1  /im,  s  =  the  slope  (s  is 
negative),  and  d  =  the  particle  size  in 
micrometers  (d  greater  than  or  equal  to  1). 
Using  this  distribution,  the  obscuration 
ratio  R  for  spherical  particles  is  given  by 
R  =  (n/4)no{1+2ln10 

[10-1/s/ " \   P(w     oo)]} 

\-sln(10)/     "      1       /J' 


where  n0  =  the  areal  density  [in  units  of 
(tjm) _2]  of  particles  larger  than  1  urn,  Pn(w, 
°°)  =  the  normal-probability  integral  from 
wto  °°,  and  w,  =  ( -2s  ln10),/2/s. 


For  a  collection  of  particles  that  are 
spherical  for  d<d0  and  fibers  of  diameter 
d0  at  larger  sizes,  the  obscuration  ratio  is 
given  by 
R  =  (n/4)n0{  1  -  do210s  l092  4.  +  2  In  1 0 

[10-1's(zii^)VvW2)]} 

+  n0d0{  1 0s  l0924>- In  10 

\-s  ln(10)  /     "     3         ' 


[10 


-1/4s 


where  w2  =  (-2sln10),/2(logdo  +  1/s)and 
w3  =  (-2sln10),/j(logd0  +  1/2s).Atypical 
valueofdois100Mm. 

For  a  distribution  that  has  discrete  size 
intervals,  one  can  calculate  the  obscura- 
tion ratio  without  assumptions: 

R  =  (ir/4)  Zn,of,cf/+1 
i 
where  the  measured  distribution  consists 
of  nj  particles  per  unit  area  in  each  (/th)  size 
interval  from  dl  to  dl ,+1 . 

This  work  was  done  by  Jack  B.  Barengottz 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO- 1 73  76/TN 
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Detecting  Impacts  of 
Particles  on  Spacecraft 

The  locations  and  types  of 
impacts  would  be  determined 
electronically. 

A  report  describes  a  proposed  network 
of  acoustical  sensors  —  in  effect,  a 
miniature  seismographic  system  —  to  de- 
tect impacts  of  particles  on  the  external 
panels  of  a  spacecraft.  Inexpensive  thin- 
film  vibration  sensors  would  be  placed  on 
the  insides  of  the  panels  and  would  be  con- 
nected to  a  relatively-simple  data-collec- 
tion system.  The  meteoroid  shields  already 
planned  for  the  Space  Station  would  serve 
as  the  panels  on  that  spacecraft. 

As  many  as  10  panels  on  the  Space  Sta- 
tion logistics  module,  each  1.4  meters 
square  and  containing  typically  10  sensors, 
would  be  used  to  show  the  feasibility  of  the 
concept.  An  integrated-circuit  chip  for 
each  sensor  would  convert  its  output  into 
digital  format  and  feed  the  output  through  a 


data  buffer  to  a  trigger  circuit,  which  would 
select  signals  from  neighboring  sensors 
when  a  sensor  produces  a  signal  above 
preset  level.  The  system  would  use  the  sig- 
nals to  locate  the  position  of  an  impact  and 
to  calculate  the  characteristics  of  the  im- 
pact, such  as  its  amplitude  in  time  and  fre- 
quency, its  rise  time,  and  its  phase  spec- 
trum. The  Space  Station  panels  would  be 
recovered  every  6  months  so  that  the  im- 
pact craters  could  be  examined  directly. 

The  report  describes  tests  of  the  concept 
in  which  small  spheres  impinged  on  alu- 
minum panels.  The  tests  showed  that  the 
sensor  data  can  be  used  to  determine  the 
locations  and  characteristics  of  impacts 
and  that  the  panels  provide  a  suitable 
medium  for  detecting  the  low-probability 


impacts  of  interest.  However,  the  success 
of  the  method  depends  on  the  further  de- 
velopment of  data  processing.  In  addition, 
more-sensitive  sensors  —  perhaps  em- 
bedded acoustic  waveguides  —  will  be 
needed  to  raise  the  probability  of  detecting 
impacts  of  0.1  g/s  above  the  present  level 
of  0.3  per  panel  per  6-month  period. 
777/s    work   was    done   by   Brian    M. 
Lempriere,  Robert  L  Carlsen,  and  James 
M.  Nelson  of  Boeing  Aerospace  Co.  for 
Marshall  Space  Flight  Center.  "Final 
Report,  Task  5,  Space  Debris  Measure- 
ment,   Mapping   and   Characterization 
System,  Space  Station  Integrated  Wall 
Damage   and   Penetration    Damage 
Control." 
MFS-28278/TN 


( 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


49 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Lewis  Research  Center,  Cleveland,  Ohio 


Reducing  Heating  in  High-Speed  Cinematography 

Simple  filters  are  effective. 


Infrared-absorbing  and  infrared-reflect- 
ing glass  filters  are  simple  and  effective 
means  for  reducing  the  rise  in  temperature 
during  high-speed  motion-picture  photog- 
raphy. High-intensity  lights  are  needed,  but 
the  heat  generated  by  the  lights  can  be  ex- 
cessive, sometimes  damaging  the  objects 
to  be  photographed  and  creating  an  un- 
safe working  environment. 

High-speed  photography  involves  rates 
of  about  4,000  frames  per  second.  Most 
film  sequences  are  finished  in  less  than  10  s, 
but  the  greatest  temperature  rise  above 
the  ambient  temperature  occurs  during 
that  interval. 

In  an  experiment,  a  thermocouple  with  a 
digital  readout  was  used  to  measure  the 
rise  in  temperature  caused  by  radiation 
from  a  300-W  tungsten  lamp  when  a  heat- 
reflecting  mirror  (a  "hot"  mirror)  or  a  heat- 
transmitting  mirror  (a  "cold"  mirror)  was 
placed  between  the  lamp  and  the  thermo- 
couple (see  figure).  With  a  hot  mirror  per- 
pendicular to  the  rays  from  the  lamp,  the 
temperature  rose  from  an  ambient  76.4  °F 
to  129  °F  (54  °C)  within  10  s  after  the  lamp 
had  been  switched  on.  Without  the  mirror, 
the  temperature  rose  to  163  °F  (73  °C).  The 
hot  mirror,  which  passes  most  of  the  visible 
spectrum  but  reflects  most  infrared  light 
away,  thus  reduced  the  rise  in  temperature 
by  39  percent. 

A  hot  mirror  at  an  angle  of  45°  to  the  op- 
tical path  was  even  more  effective.  It  al- 
lowed the  temperature  to  rise  to  only 
121  °F  (67  °C)  —  a  reduction  of  48  perceht 
below  the  rise  in  the  unf  iltered  case.  A  cold 
mirror,  which  reflects  most  visible  light  and 
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These  "Hot-Mirror"  and  "Cold-Mirror"  Configurations,  often  employed  in  projection  of  im- 
ages, can  also  help  prevent  excessive  heating  of  scenes  by  powerful  lamps  used  in  high- 
speed photography. 


allows  most  infrared  to  pass,  was  tested  at 
an  angle  of  45°.  It  allowed  the  temperature 
to  rise  to  106  °F  (41  °C)  at  10  s  —  a  reduc- 
tion of  66  percent  below  the  rise  in  the  un- 
filtered  case. 

A  single  hot  or  cold  mirror  in  combina- 
tion with  a  heat-absorbing  glass  produces 
an  even  greater  reduction  in  the  rise  in 
temperature.  At  10  s,  the  temperature  was 
98  °F  (37  °C),  representing  a  reduction  of 
75  percent  in  the  rise  in  temperature. 


This  work  was  done  by  Howard  A. 
Slater  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-1 00222  [N88-11100],  Price  Code: 
A03  "Reduction  of  Temperature  Rise  in 
High-Speed  Photography. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14798/TN 
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Predictions  of  Fatigue  Damage  From  Strain  Histories 

Cycle-by-cycle  analysis  is  better  than  statistical  characterization. 


Asemiempirical  mathematical  model  of 
fatigue  damage  in  stressed  objects  uses 
experimental  histories  of  strains  in  those 
objects  to  predict  their  fatigue  lives.  The 
model  accounts  for  the  initiation  and  prop- 
agation of  fatigue  cracks  on  a  cycle-by- 
cycle  basis.  When  the  model  is  calibrated 
against  proper  test  data  for  each  type  of 
object  to  be  characterized,  its  predictions 
of  fatigue  lives  are  superior  to  those  of 
such  statistical  models  as  one  based  on 
root-mean-square  strain. 

An  object  to  be  characterized  is  instru- 
mented with  strain  gauges  and  placed  in 
operation  or  in  a  fatigue-testing  apparatus. 
The  strain  measurements  are  digitized  and 
fed  to  a  computer  operating  under  the 
Strain  History  Life  Evaluation  Program 
(SHLEP),  which  processes  the  measure- 
ments according  to  the  model.  The  first 
step  in  the  analysis  is  to  convert  the  input 
strain  history  to  a  history  of  turning  points 
(peaks  and  valleys)  of  the  strain  cycles  (see 
figure).  The  data  between  the  turning 
points  are  irrelevant  in  the  model  and  are 
removed,  thereby  significantly  reducing 
the  processing  time  and  the  number  of 
data  to  be  stored. 

Sets  of  strain  cycles  are  selected  for 
analysis  by  the  ordered-overall-range 
method,  in  which  the  turning-point  history 
is  reduced  to  a  history  of  strain  ranges  that 
exceed  specified  fractions  of  the  range  be- 
tween the  maximum  and  minimum  peaks. 
This  method  gives  an  indication  of  whether 
or  not  a  large  fraction  of  the  total  fatigue 
damage  in  a  particular  case  is  caused  by  a 
relatively  small  number  of  cycles. 

The  "rainflow"  counting  method  is  used 
to  determine  the  number  of  fatigue  cycles 
of  various  amplitudes  after  the  strain 
history  has  been  screened  for  significant 
ranges.  This  method  involves  the  counting 
of  cycles  that  are  mathematically  equiva- 
lent to  closed  stress-versus-strain  hystere- 
sis loops.  It  is  called  "rainflow"  because  a 
graphical  representation  of  the  counting 
algorithm  resembles  the  path  of  rain  being 
shed  by  a  plot  of  the  turning-point  strain 


history  with  time  running  downward  along 
the  vertical  axis. 

For  the  purpose  of  the  model,  the  fa- 
tigue-crack-initiation life  is  defined  as  the 
fatigue  life  required  to  produce  a  fatigue 
crack  of  a  preselected  depth.  In  a  given 
case,  strain-gauge  data  may  have  to  be  re- 
lated via  a  stress-concentration  factor  to 
strains  and  stresses  at  a  fatigue-critical 
location  that  cannot  be  instrumented  but 
which  is  assumed  to  undergo  strain  cycles 
proportional  to  those  of  the  instrumented 
location.  The  fatigue-crack-initiation  algo- 
rithm is  based  on  the  strain  range  versus 
the  number  of  cycles  to  failure  from  con- 
stant-amplitude fatigue  tests.  For  variable- 
amplitude  fatigue,  the  damage  is  evaluated 
according  to  a  damage  fraction,  d,  given  by 


m 
d  =  Z  n/Nt 


/=1 


where  m  is  the  number  of  strain  cycles  of 
all  amplitudes  in  a  history,  n,  is  the  number 
of  cycles  of  the  Ah  amplitude,  and  A/y  is  the 
number  of  constant-amplitude  cycles  to 
failure  at  the/th  amplitude. 

The  propagation  of  a  crack  is  consid- 
ered to  begin  when  the  crack-initiation  al- 
gorithm predicts  initiation,  defined  as  the 
achievement  of  an  arbitrarily-specified 
damage  fraction  between  0  and  1.  The  total 
fatigue  life  is  the  sum  of  the  initiation  and 
propagation  lives.  Using  linear  elastic  frac- 
ture mechanics,  the  growth  of  the  crack 
during  each  cycle  is  computed  for  each  cy- 
cle of  a  strain  history.  The  sequence  is  re- 
peated until  the  crack  grows  to  a  critical 
size  at  which  the  part  fails.  Both  the  total 
propagation  life  and  the  critical  crack  size 
are  computed. 

This  work  was  done  by  Robert  A.  Sire, 
Philip  M.  Besuner,  and  Tim  Toomey  of 
Failure  Analysis  Associates  for  Marshall 
Space  Flight  Center 
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TURNING-POINT  STRAIN  HISTORY 

A  Measured  Strain  History  is  first  digitized, 
then  converted  to  a  history  of  turning-point 
strains  for  purposes  of  the  analysis.  The 
data  between  the  turning  points  are  not 
used. 
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Navier-Stokes  Calculations  With  Deforming  Grid 

The  specification  of  boundary  conditions  is  simplified. 


A  scheme  for  numerical  simulation  of 
the  transonic,  compressible,  viscous  flow 
about  a  two-dimensional  cascade  of  oscil- 
lating rigid  airfoils  Involves  the  finite-differ- 
ence solution  of  the  Navier-Stokes  equa- 
tions on  a  coordinate  grid  that  deforms 
with  the  motions  of  the  airfoils.  The  scheme 
Is  expected  to  contribute  to  understanding 
of  the  flows  around  advanced  turboprop 
airfoil  sections.  It  is  needed  because  no  ex- 
perimental data  are  yet  available  to  deter- 
mine the  extent  of  unsteady  effects  In  such 
flows,  and  the  linearized  potential-flow 
codes  used  thus  far  to  study  transonic 
cascades  are  not  expected  to  represent 
the  true  physical  phenomena. 

The  cascade  Is  represented  by  a  period- 
ic coordinate  grid,  which  conforms  to  peri- 
odic boundaries  and  to  the  airfoil  surfaces 
(see  figure).  Periodic  boundary  conditions 
(Including  blades  pitching  and/or  plunging 
In  unison)  are  assumed.  Thus,  the  flow 
about  each  airfoil  can  be  simulated  numer- 
ically by  applying  finite-difference  Navler- 
Stokes-solutlon  techniques  previously 
developed  for  an  Isolated  airfoil. 

The  outer  boundary  Is  considered  fixed. 
The  grid  Is  Initially  fitted  to  the  outer  bound- 
ary and  a  stationary  inner  boundary  (airfoil 
surface)  by  a  numerical  solution  of  Pols- 
son's  equation.  The  Inner  boundary  Is  then 
allowed  to  move  by  some  prescribed  pitch- 
ing or  plunging  motion.  As  the  Inner  bound- 
ary moves  with  the  airfoil,  the  grldllnes  that 
connect  the  Inner  and  outer  boundaries 
deform  by  amounts  that  depend  on  the  dis- 
tance from  the  airfoil.  The  total  velocity  of 
the  flow  at  any  point  on  the  grid  equals  the 
local  velocity  of  the  deformation  plus  the 
velocity  of  the  flow  with  respect  to  the  grid. 
The  geometric  conservation  law  can  be  In- 
voked to  calculate  the  effects  of  the 
change  In  the  Jacoblan  of  the  transforma- 
tion between  the  fixed  Cartesian  grid  and 
the  moving  computational  grid  due  to  the 
motion  of  the  computational  grid. 

The  Inlet  boundary  conditions  are  as- 
sumed to  include  the  free-stream  total 
pressure  and  temperature.  The  direction  of 
the  flow  across  the  upstream  boundary  Is 
approximated  as  that  of  a  steady  flow, 
using  an  upstream-running  Rlemann  Invar- 
iant extrapolated  from  the  Interior  to  give  a 
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DEFORMING  GRID  FOR  AN  AIRFOIL 
(SIMPLIFIED  GRID  WITH  EXAGGERATED  MOTION) 


A  Cascade  Is  Represented  by  a  periodic  grid  that  conforms  to  the  airfoils  and  to  the  outer 
boundaries.  The  oscillation  of  an  airfoil  Is  represented  by  a  deformation  of  the  grid. 
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nonreflecting-boundary  condition  on  the 
total  velocity.  The  static  pressure  and  den- 
sity are  found  by  assuming  isentropic  flow, 
and  the  energy  density  is  calculated  as  the 
sum  of  pressure  and  kinetlc-energy-densl- 
ty  terms. 

The  exit  boundary  conditions  are  found 
by  extrapolation  of  the  mass  density  and 
momentum  density  from  the  interior  and  by 
specification  of  a  free-stream  static  pres- 
sure to  calculate  the  energy  density.  (An 
exit  Rlemann  Invariant  cannot  be  specified 
because  it  would  vary  across  a  viscous 


wake.)  Other  boundary  conditions  include 
the  usual  solid-wall  boundary  conditions  on 
the  airfoil  surface  and  averaging  of  flow 
conditions  across  the  slit  aft  of  the  airfoil. 
The  results  of  test  computations  using 
the  deforming-grid  technique  were  found 
to  agree  well  with  results  from  an  isolated- 
airfoil  calculation  using  a  rigid  grid.  The  in- 
clusion of  the  geometric  conservation  law 
had  little  effect.  Future  applications  of  the 
deforming-grid  technique  may  include  tur- 
bomachinery  and  aeroelastic  modeling  of 
nonrigid  airfoils. 


777/s  work  was  done  by  Dennis  L.  Huff 
of  Lewis  Research  Center.  Further 
information  may  be  found  in  NASA 
TM-89890  Price  Code:  A02  [N87-24435], 
"Numerical  Simulations  of  Unsteady, 
Viscous  Transonic  Flow  Over  Isolated 
and  Cascaded  Airfoils  Using  a  Deform- 
ing Grid. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14711/TN 
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Navier-Stokes  Simulation  of  Turbine  Rotor/Stator  Interaction 

The  patched-grid  method  is  applied  to  a  complicated  configuration. 


The  patched-grid  method  has  been  used 
to  effect  a  three-dimensional  Navier- 
Stokes  numerical  simulation  of  a  flow  that 
interacts  with  both  a  rotor  and  a  stator  in  a 
turbine.  The  ability  to  perform  such  calcu- 
lations can  contribute  to  the  understanding 
of  complicated  turbomachinery  flows  and 
to  consequent  improvements  in  designs  of 
turbomachinery. 

The  patched-grid  method  involves  the 
use  of  two  or  more  grids  or  sets  of  grids  to 
solve  the  finite-difference  versions  of  the 
Navier-Stokes  or  other  equations  of  fluid 
flow.  One  grid  or  a  set  of  grids  is  attached  to 
the  stationary  portion  of  the  machinery  (in 
this  case,  the  stator  vanes  and  the 
housing),  while  another  grid  or  set  of  grids 
is  attached  to  the  moving  parts  (in  this 
case,  rotating  with  the  rotor  blades  and 
hub).  Information  is  transferred  between 


grids  via  boundary  conditions  that  satisfy 
several  requirements  including  numerical 
stability,  spatial  and  temporal  accuracy, 
easy  applicability  to  generalized  coor- 
dinates, and  flux  conservation  (in  the  sense 
that  discontinuities  in  the  flow  can  move 
from  one  grid  to  another  without  distortion). 

A  system  of  patched  and  overlaid  grids 
was  used  to  discretize  the  complicated 
three-dimensional  configuration,  including 
the  three-dimensional  shapes  of  the  rotor 
and  stator  blades,  the  rotor-tip  clearance, 
and  the  end  walls.  An  implicit,  upwind, 
third-order-accurate  algorithm  was  used  to 
solve  the  unsteady,  thin-layer  Navier- 
Stokes  equations.  A  modified  version  of  the 
Baldwin-Lomax  algebraic  model  of  turbu- 
lence was  included. 

About  five  blade-passage  cycles  were 
required  to  eliminate  the  initial  transients 


and  establish  a  periodic  solution.  The  nu- 
merical results  were  expressed  in  terms  of 
time-averaged  pressures  at  the  midspans 
of  the  blades  and  compared  with  experi- 
mental values.  As  shown  in  the  figure, 
there  was  close  agreement  between  theo- 
ry and  experiment. 

This  work  was  done  by  Man  Mohan 
Rai  of  Ames  Research  Center.  Further 
information  may  be  found  in  NASA 
TM-100081  [N88-29750],  Price  Code: 
A02  "Three-Dimensional  Navier-Stokes 
Simulations  of  Turbine  Rotor-Stator 
Interaction. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
ARC-12185/TN 
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Time-Averaged  Pressure  Coefficients  as  a  function  of  position  along  the  chords  of  the  rotor  and  stator  blades  at  mldspan  were  obtained  from 
a  Navier-Stokes  simulation  and  from  an  experiment.  The  comparison  between  the  experimental  and  numerical  data  is  very  good. 
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Upwind  Swirl  Coupling  in  Navier-Stokes  Calculations 

Convergence  in  axisymmetric  flows  is  speeded. 


An  improved  treatment  has  been  devised 
for  the  swirl-coupling  source  terms  in  finite- 
difference  Navier-Stokes  calculations  of 
axisymmetric  flow.  The  essence  of  the  im- 
provement is  to  treat  the  radial-  and  swirl- 
velocity  source  terms  in  an  implicit  manner 
wherever  possible,  because  implicit  treat- 
ment results  in  faster  convergence  and  in 
convergence  in  some  cases  in  which  ex- 
plicit treatment  does  not  yield  conver- 
gence at  all. 

The  discretized  radial  and  swirl  momen- 
tum equations  are  written  as 

afca^+a^  =  S»+AW* 
and 


for  all  /  from  1  to  imax,  where  V  represents 
the  radial  velocity;  W  represents  the  swirl 
velocity;  asterisks  denote  the  predicted 
values;  the  subscript  indices  represent  the 
locations  of  the  nodes;  the  a's  are  the 
discretization  coefficients;  S£  and  Sj^are 
the  radial-  and  swirl-equation  source 
terms,  respectively,  at  the  old  iteration 
level;  and  AW2  and  BVW  are  the  swirl- 
coupling  terms. 

Equations  (1)  and  (2)  constitute  an  im- 
plicit system  for  the  predicted  velocities  V* 
and  W*.  Because  segregated  solutions  of 
these  equations  do  not  account  for  the  in- 
terdependence of  the  sources,  conver- 
gence can  be  impeded  where  d{AVf)ld\N 
and  d(BVW)ldV  are  large. 


To  increase  convergence,  the  radial 
and  swirl  source  terms  are  treated  in  an 
implicit  or  explicit  manner,  depending  on 
the  sign  of  the  linearization  coefficient.  The 
source  term  for  equation  (2)  is  written  as 
2BVW  =  BV(-\-e)W*+BV(1+e)Wn 
where  e  -  sign(BV).  A  similar  expression 
is  written  for  equation  (1).  Thus,  when  BV 
<0,  the  source  term  is  treated  implicitly, 
and  the  numerical  solution  converges  bet- 
ter than  it  would  if  the  source  term  were 
treated  explicitly. 

This  work  was  done  by  Morgan  Williams 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center.  No  further 
documentation  is  available. 
MFS-29542/TN 
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Predicting  Flutter  off 
a  Propfan 

Stability  decreases  as  the 
number  of  blades  increases. 

A  report  discusses  a  theoretical  model 
and  an  associated  computer  program  for 
the  prediction  of  subsonic  bending-torsion 
cascade  flutter  in  propfans.  The  predic- 
tions of  the  model  are  compared  with  the 
results  of  experiments.  Additional  parame- 
tric studies  illustrate  the  effects  upon  the 
flutter  speed  of  steady  aeroelastic  defor- 
mations, the  angle  at  which  the  blade  is 
set,  the  speed  of  rotation,  structural  damp- 
ing, and  the  number  of  vibrational  modes. 

The  nonlinear  equations  of  aeroelastic 
motion  are  written  for  a  finite-element  mod- 
el of  a  blade.  They  are  valid  for  calculating 
the  speeds  of  stalled  and  unstalled  flutter, 
forced  response,  aeroelastic  perform- 
ance, steady-state  deflections,  and  the  fre- 
quencies and  shapes  of  vibrational  modes. 
Because  it  is  computationally  inefficient  to 
integrate  them  directly  in  the  time  domain, 
the  nonlinear  equations  are  treated  by  a 
standard  perturbation  approach,  yielding  a 
nonlinear  set  of  equations  for  the  steady- 
state  configuration  and  a  linear  set  for  the 
perturbations  about  the  steady  state.  The 
steady-state  deflections  and  effective  total 
stiffnesses  obtained  from  the  solution  of 


the  nonlinear  equation  are  used  to  find  the 
normal  vibrational  modes.  The  general  vi- 
bratory motion  is  calculated  as  a  superpo- 
sition of  normal  modes. 

The  calculations  are  performed  by  parts 
of  the  ASTROP  computer  code:  ASTROP 
2,  based  on  two-dimensional,  subsonic, 
unsteady  aerodynamics;  and  ASTROP  3, 
based  on  three-dimensional,  subsonic, 
steady  and  unsteady  aerodynamics.  In 
ASTROP  2,  the  blade  is  divided  into  dis- 
crete aerodynamic  strips,  within  each  of 
which  its  properties  are  constant.  Each 
swept  strip  undergoes  plunging  and  pitch- 
ing motions.  In  ASTROP  3,  the  blade  is  dis- 
cretized  with  nine  (radial)  times  eight 
chordwise  panels  for  calculating  aerody- 
namic loads. 

In  general,  the  flutter  speeds  and  inter- 
blade  phase  angles  predicted  by  the  com- 
puter code  agree  well  with  experimental 
values.  However,  the  flutter  frequencies 
predicted  by  a  three-dimensional,  un- 
steady aerodynamical  theory  are  slightly 
higher  than  measured  ones,  and  those  pre- 
dicted by  two-dimensional  theory  are  less 
accurate  than  are  those  predicted  by 
three-dimensional  theory.  Other  findings  in- 
clude the  following: 

•Steady-state  aerodynamics  exert  signifi- 
cant influence  on  the  steady-state  config- 
urations, vibrational  modes,  and  flutter  in 
some  cases. 


•Both  theory  and  experiment  show  that 
stability  decreases  with  an  increase  in  the 
number  of  blades,  apparently  due  to  ef- 
fects of  cascades. 

•  Both  theory  and  experiment  show  that  an 
increase  in  the  angle  at  which  the  blade  is 
set  is  destabilizing. 

•  For  the  rotor  considered,  the  flutter  mode 
is  dominated  by  the  first  two  normal  vibra- 
tional modes  of  the  blades,  and  there  is 
strong  coupling  between  these  modes. 

•  Both  theory  and  experiment  show  that 
under  certain  conditions,  two  interblade- 
phase-angle  modes  with  slightly  different 
frequencies  may  be  present  during  flutter. 
The  flutter  interblade  phase  angle  is  a 
function  of  the  angle  at  which  the  blades 
are  set  and  of  the  number  of  blades. 

This  work  was  done  by  K.R.V.  Kaza 
and  O.  Mehmed  of  Lewis  Research 
Center,  G.V.  Narayanan  of  Sverdrup 
Technology,  Inc.,  and  D.V.  Murthyofthe 
University  of  Toledo.  Further  information 
may  be  found  in  NASA  TM-88944 
[N87-18115/NSP],  Price  Code:  A02 
"Analytical  Flutter  Investigation  of  a 
Composite  Propfan  Model. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14659/TN 
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Making  a  Precisely  Level  Floor 

A  sequence  of  pouring  operations  ensures  flatness  and  smoothness. 


A  floor-pouring  procedure  yields  a  large 
surface  that  is  level,  smooth,  and  hard.  The 
method  has  been  used  to  fabricate  a 
1,200-ft2  (111-m2)  floor  that  varies  locally  in 
elevation  less  than  0.015  in.  in  16  horizontal 
in.  (0.038  cm  in  0.41  horizontal  m)  and 
slopes  less  than  20  s  of  arc  from  side  to 
side. 

The  floor  supports  a  1,500-lb  (680-kg)  ob- 
ject on  air  bearings.  The  floor  must  be  ex- 
tremely level  so  that  the  object  does  not 
drift.  The  floor  must  also  be  extremely 
smooth  so  that  an  air-bearing  gap  of  only 
0.002  in.  (0.0051  cm)  can  be  maintained  for 
adequate  stiffness  of  the  bearing. 

The  floor  is  made  of  a  self-leveling,  slow- 
curing  epoxy  with  added  black  pigment. 
The  epoxy  is  poured  to  a  thickness  no 
greater  than  0.33  in.  (0.84  cm)  on  a  con- 
crete base.  The  base  floor  should  be 
seasoned,  reasonably  smooth  and  level, 
and  at  least  4  in.  (10  cm)  thick.  The  base 
should  rest  on  a  thermal  barrier  of  gravel  or 
cinders  and  should  contain  no  steel  plates, 
dividers,  or  bridges  so  as  to  minimize  ther- 
mal distortion. 

A  metal  retaining  wall  surrounds  the 
base.  The  wall  should  be  at  least  V2  in.  (1.3 
cm)  higher  than  the  poured  floor.  It  should 
be  sealed  to  contain  the  freshly  poured 
mixture  of  epoxy  and  pigment  and  strong 
enough  to  absorb  bumping  by  the  object 
on  the  air  bearings. 

During  pouring,  two  formulating  ma- 
chines supply  epoxy  through  hoses  while 
workers  direct  the  flow.  Workers  continual- 
ly supply  the  machines  with  raw  materials 
until  the  job  is  done.  A  crew  of  14  workers 
can  pour  the  floor  in  1 V2  h. 

Even  a  self-leveling  epoxy  cannot 
spread  itself  out  uniformly  over  such  a 
large  area.  Accordingly,  before  pouring, 
the  workers  mark  off  the  concrete  subfloor 
with  a  grid  of  3-  by  3-ft  (0.91-  by  0.91-m) 
squares  and  partial  squares  (see  figure). 
They  surround  a  square  or  partial  square 
with  a  sand-filled  tube  and  fill  it  with  the 
epoxy  mixture,  counting  pulses  from  the 
pump  to  meter  the  correct  amount.  At  the 
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A  Grid  Defines  Incremental  Areas  for  pouring  the  epoxy  floor.  Workers  use  the  block  num- 
bers to  follow  a  systematic  pouring  sequence,  as  shown  by  the  serpentine  arrows.  One  team 
pours  the  right  half  while  the  other  pours  the  left  half.  The  generally  circular  area  Is  for  ma- 
neuvering the  test  object.  The  smaller,  trapezoidal  area  Is  for  storage,  entry,  and  egress. 


flow  rate  of  about  6.3  in.3  (103  cm3)  per 
pulse,  68  pulses  furnish  the  approximate 
amount  of  material  for  one  square. 

When  a  square  or  partial  square  has 
been  filled,  workers  quickly  rearrange  the 
sand-filled  tube  to  surround  an  adjacent 
square  or  partial  square  and  fill  it  with  the 
number  of  pulses  necessary  to  cover  the 
increment  of  area.  Two  groups  of  workers 
systematically  fill  blocks  starting  at  oppo- 
site sides  of  the  floor,  each  using  a  hose 
from  one  of  the  two  formulating  machines. 

When  all  blocks  have  been  filled,  the 
machinery  is  turned  off  to  minimize  vibra- 
tion and  avoid  kicking  up  dust  while  the 
epoxy  cures.  Meanwhile,  workers  elimi- 


nate air  bubbles  that  rise  to  the  surface. 
Moving  on  a  catwalk  suspended  over  the 
floor,  they  direct  hot-air  guns  on  extension 
handles  into  the  bubbles  to  burst  them. 

The  newly  poured  floor  is  then  left  totally 
undisturbed  —  even  by  strong  air  cur- 
rents —  for  10  days.  Another  20  days  of 
hardening  should  be  allowed  before  heavy 
loads  are  placed  on  the  floor. 

This  work  was  done  by  William  G. 
Simpson,  William  H.  Walker,  Jim  Cather, 
John  B.  Burch,  Keith  M.  Clark,  and  Dwight 
Johnston  of  Marshall  Space  Flight  Cen- 
ter and  David  E.  Henderson  of  Sperry- 
Rand  Corp. 
MFS-28306/TN 
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Keeping  Wax  Liquid  for  Application 

An  applicator  gun  prevents  wax  from  congealing  prematurely. 


A  "hot  gun"  applies  masking  wax  and 
similar  materials  in  a  liquid  state,  unlike 
conventional  methods  of  application.  The 
gun,  available  commercially  for  applying 
hot  glue,  can  be  used  to  ensure  that  the 
wax  penetrates  and  fills  holes,  flow  pas- 
sages, and  manifold  passages  so  that  con- 
tamination is  sealed  off  during  manufactur- 
ing operations. 

The  usual  method  of  applying  masking 
wax  is  to  spoon  or  pour  it  in  liquid  form  from 
a  hot  pot  into  a  hole.  However,  the  wax 
starts  to  solidify  as  soon  as  it  leaves  the  pot. 
When  it  reaches  the  hole,  much  of  it  is  in  a 
solid  or  near-solid  state.  It  adheres  poorly 
to  the  wall  of  the  hole,  and  it  flows  slug- 
gishly into  the  hole.  Often,  the  hardening 
wax  must  be  pushed  into  the  hole.  As  a  re- 
sult, the  seal  is  imperfect,  and  repeated  ap- 
plications are  needed.  Meanwhile,  an  ex- 


cess of  wax  builds  up  and  must  be  removed 
for  inspection  of  the  seal. 

With  the  hot  gun,  in  contrast,  the  holding 
chamber  and  the  nozzle  supply  continuous 
heat  to  the  wax,  and  the  wax  can  be  in- 
jected directly  into  the  hole  as  a  liquid. 
Nozzles  of  various  sizes  can  be  inter- 
changed so  that  one  can  select  a  nozzle 
that  has  an  opening  suited  to  the  viscosity 
of  the  wax  and  the  size  of  the  hole  in  a  par- 
ticular application.  The  trigger  mechanism 
of  the  gun  meters  the  wax  so  that  excess 
material  does  not  build  up.  The  hot  gun  is 
fast,  eliminates  repeated  application,  and 
greatly  reduces  cleanup  time. 

This  work  was  done  by  Russell  V.  Meyer 
of  Rockwell  International  Corp.  for  Mar- 
shall Space  Flight  Center.  No  further 
documentation  is  available. 
MFS-29238/TN 
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Technology  Application 


Idaho  National  Engineering  Laboratory 


Instrument  for  the  Measurement  and  Determination  of 
Chemical  Pulse  Column  Parameters 


A  microprocessor-based  on-line  instrument  has  been  designed  to  measure  and  monitor  the  low- 
frequency  pneumatic  driving-force  pulse  parameters  applied  to  chemical-separation  pulse 
columns.  The  design  uses  a  single-board  microprocessor  with  BASIC  software  and  an  enhanced 
mathematical  library  to  solve  analytical-column  operating  parameters.    The  device  allows  on-line 
characterization  of  air  pulses  used  to  mix  organic  and  liquid  phases  in  a  pulse-column  contactor.    It 
has  application  where  solvent  extraction  by  pulse  column  contractors  are  used. 

FOR  ADDITIONAL  INFORMATION:  Contact  Robert  R.  Campbell,  Idaho  National  Engineering 
Laboratory,  P.O.  Box  4000,  Idaho  Falls,  ID  83403  (208)526-0997.     Refer  to  DOE/INEL-041 . 
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Measuring  Laminar-Separation  Bubbles  on  Airfoils 

A  nonintrusive  multielement  heat-transfer  sensor  overcomes  limitations  of  previous  methods. 


Laminar  separation  is  the  major  cause 
of  rapid  deterioration  in  aerodynamic  char- 
acteristics of  airfoils  at  chord  Reynolds 
numbers  less  than  106.  At  such  a  chord 
Reynolds  number,  a  boundary  layer  is  gen- 
erally stable,  and  an  adverse  pressure  gra- 
dient, as  in  the  rear  pressure-rise  area,  is 
most  likely  to  result  in  a  laminar  separation 
with  or  without  turbulent  reattachment. 

A  laminar-separation  bubble  is  formed 
when  a  turbulent  reattachment  takes  place 
upstream  of  the  trailing  edge  of  the  airfoil, 
as  shown  in  the  upper  part  of  Figure  1. 
Many  flow  and  geometric  parameters  af- 
fect the  laminar-separation  bubble,  and  a 
good  understanding  of  its  characteristics  is 
essential  to  develop  effective  practical 
techniques  to  control  or  eliminate  laminar 
separation. 

The  lower  part  of  Figure  1  is  a  schematic 
diagram  of  a  typical  laminar-separation 
bubble.  The  bubble  includes  a  reverse-flow 
region  close  to  the  solid  surface  and  a 
zero-mean  line  that  divides  the  reverse- 
flow  region  from  the  upper  entrainment 
layer  wherein  the  streamlines  follow  the 
general  outer  flow.  The  height  of  the  bubble 
is  usually  a  small  fraction  of  a  percent  of 
the  chord. 

The  smallness  of  the  height  and  the 
complexity  of  the  flow  field  make  conven- 
tional measuring  instruments  like  hot-wire 
anemometers  and  pitot  tubes  unsuitable 
for  determination  of  the  characteristics  of 
the  bubble  because  such  instruments  can 
perturb  the  flow  significantly.  Laser  velo- 
cimetry  is  perhaps  the  most-effective  non- 
intrusive  technique,  though  there  are  still 
some  problems  associated  with  It.  Flush- 
mounted  hot-film  sensors  have  also  been 
ineffective. 

A  new  nonintrusive  technique  involves  a 
multielement  heat-transfer  sensor.  In  tests 
of  the  new  technique,  only  small  amounts 
of  heat  were  Introduced,  and  the  heated 
thin  films  caused  little  disturbance  to  the 
shear  layer  or  to  each  other.  The  extent  of 
the  laminar  boundary  layer,  the  location  of 
laminar  separation,  the  transition  in  the 
separated  shear  layer,  and  the  turbulent  re- 
attachment were  determined  simultane- 
ously. 

When  using  the  new  sensor,  there  Is  no 
need  to  know  a  priori  the  location  of  the 
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Figure  1.  The  New  Technique  Determines  Simultaneously  the  extent  of  the  laminar  bound- 
ary layer  and  the  locations  of  laminar  separation,  transition  In  the  separated  layer,  and  turbu- 
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Figure  2.  Differences  Between  the  Phases  of  low-frequency  sensor  outputs  show  ~180° 
phase  shifts  across  the  points  of  separation  and  reattachment. 
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laminar  separation;  and,  in  view  of  the 
simultaneous  measurement,  a  clear  pic- 
ture of  the  characteristics  of  the  bubble,  in- 
cluding its  dynamic  behavior,  is  obtained. 
In  the  tests,  simultaneous  measurements 
of  dynamic  shear  stress  on  the  surface  of 
the  airfoil  led  to  the  discovery  of  a  new 
phenomenon  associated  with  the  dynam- 
ics of  the  bubble  —  a  180°  phase  shift  of 
low-frequency  perturbations  was  observed 
across  the  laminar-separation  and  reat- 
tachment points  (see  Figure  2).  This  pheno- 
menon is  crucial  to  the  detection  of  laminar 
separation  by  use  of  a  multielement  sen- 
sor, and  its  discovery  has  greatly  simplified 
and  advanced  the  state  of  the  art  of  multi- 
element surface-film  instrumentation  as  a 
diagnostic  tool  to  study  boundary  layers 
and  separated  shear  layers  on  an  airfoil. 

The  multielement,  surface-film  sensor 
appears  to  be  a  promising  tool  for  meas- 
urements of  the  stability  of  laminar  bound- 


ary layers,  separated  shear  layers,  and 
transitional  separation  bubbles.  The  tech- 
nique is  simple  and  is  capable  of  providing 
a  comprehensive  picture  of  the  state  of  the 
shear  flow  along  the  entire  surface.  There 
is,  thus,  a  significant  saving  in  tunnel  (or 
flight)  test  time  with  a  corresponding  sav- 
ing in  cost. 

The  idea  can  be  extended  to  the  diag- 
nostics of  more-complex  steady  and  un- 
steady flow  structures  at  the  surface,  such 
as  interactions  between  shocks  and  bound- 
ary layers,  wing/fuselage  junctures,  and 
other  three-dimensionai  surface-shear 
layers.  The  discovery  of  the  phase-reversal 
phenomenon  has  made  it  possible  to  inter- 
pret the  characteristics  of  the  surface 
shear  layer  in  an  unambiguous  manner 
and  has  led  to  the  development  of  a  non- 
intrusive  and  cost-effective  multielement 
sensor  that  can  be  used  in  regular  wind- 
tunnel,  ground-test,  and  flight-test  applica- 
tions and  may  also  lead  to  the  discovery  of 


more,  hitherto  unknown,  phenomena  in 
the  characteristics  of  shear  flows. 

This  work  was  done  by  John  P.  Stack 
of  Langley  Research  Center  and 
Sivaramakrishnan  M.  Mangalam  of 
Analytical  Services  and  Materials,  Inc. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research 
Center.  Refer  to  LAR-13952/TN. 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  864-2484 
Patent  Counsel: 
George  F.  Helfrich 
Mail  Code  279 
Hampton,  VA  23665 
(804)  864-3523 
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Fast  Laser  Holographic  Interferometry  for  Wind  Tunnels 

Holograms  would  be  made  rapidly  in  situ. 


A  proposed  system  would  make  holo- 
graphic interferograms  quickly  in  wind  tun- 
nels. The  holograms  would  reveal  two-di- 
mensional flows  around  airfoils  and  would 
provide  information  on  distributions  of 
pressure,  the  structures  of  wake  and  bound- 
ary layers,  and  the  density  contours  of  flow 
fields.  Some  of  the  technology  needed  to 
build  the  system  is  already  available.  With 
a  concerted  effort,  a  prototype  system 
could  be  developed  in  about  2  years. 

Because  a  wind  tunnel  is  a  high-vibra- 
tion, noisy  environment,  the  optics  would 
be  mounted  on  vibration-isolated  tables.  A 
laser  having  a  pulse  duration  very  short 
compared  with  the  vibration  period  would 
be  used,  and  the  laser  would  have  to  be 
stable  —  its  beam  should  not  wander,  and 
its  intensity  should  remain  constant  from 
shot  to  shot.  A  neodymium:yttrium-alumi- 
num  garnet  (Nd:YAG)  laser  operating  at 
5,300  A  with  100-ns  pulses  is  a  likely  candi- 
date. 

Recording,  processing,  and  reconstruc- 
tion of  the  hologram  would  be  done  in 
place  (see  figure).  The  holograms  could  be 
formed  on  photographic  film  or  plates  in  a 
commercially-available,  self-contained 
wet-developing  unit.  Even  better,  the  holo- 
grams could  be  formed  in  thermoplastic 
plates  in  a  modified  version  of  a  commer- 
cially available  thermoplastic  holocamera. 
Based  on  a  dry  process  in  which  the  holo- 
gram is  developed  by  heating,  the  holocam- 
era can  produce  reconstructed  images  in 
less  than  a  minute,  instead  of  the  hours  re- 
quired for  the  usual  wet  development  fol- 
lowed by  reconstruction  of  the  image  in  a 
laboratory  away  from  the  wind  tunnel. 
Moreover,  vibration  can  be  compensated 
simply  by  adjusting  the  position  of  one  of 
the  thermoplastic  plates  in  the  holocam- 
era. 

The  system  would  process  and  analyze 
images  quickly.  A  semiautomatic  micro- 
computer-based desktop  image-processing 
unit  now  undergoing  development  will  be 
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Holograms  Would  Be  Formed  Quickly  in  thermoplastic  plates  in  a  wind  tunnel.  The  plates 
would  be  rigid  and  left  in  place  so  that  neither  vibrations  nor  the  photographic-development 
process  would  degrade  the  accuracy  of  the  holograms. 


moved  easily  to  the  wind  tunnel,  and  its 
speed  and  memory  will  probably  be  ade- 
quate for  flows  about  airfoils.  A  fully  auto- 
matic minicomputer-based  image  proces- 
sor also  undergoing  development  will 
incorporate  expert-system  computer  pro- 
grams to  detect  fringes,  determine  the 
orders  of  fringes,  enhance  pictures  when 
necessary,  and  eliminate  noise.  An  expert- 
system  rules  base  is  now  being  developed; 


when  complete,  it  will  draw  on  domain-spe- 
cific knowledge,  relate  to  past  experience, 
use  information  from  each  step  of  the  anal- 
ysis to  select  the  next  step,  and  make  intel- 
ligent guesses. 

This  work  was  done  by  George  Lee  of 
Ames  Research  Center 
ARC-11840/TN 
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Whistle  Gauge  Measures  Flow  and  Temperature 

Features  include  simplicity,  ruggedness,  and  compactness. 


A  simple,  rugged  gauge  is  used  to  meas- 
ure the  speed  of  flow  and  the  temperature 
of  steam  or  other  gas  flowing  through  pipes 
of  arbitrary  diameter,  from  1  to  28  in.  or 
larger.  The  gauge  —  essentially  a  specially 
designed,  instrumented  whistle  —  has  no 
moving  parts,  is  small,  is  nonobstructing, 
can  operate  at  high  temperature  and  pres- 
sure, and  cleans  itself.  The  gauge  does  not 
operate  at  zero  flow,  but  at  moderate  flows 
(tens  of  meters  per  second)  it  can  generate 
intense  sound  for  use  in  the  measure- 
ments. 

The  gauge  (see  figure)  consists  of  a 
slanted  ring  groove  of  depth  D  and  pres- 
sure taps  in  the  wall  of  the  pipe  that  carries 
the  flow  to  be  measured.  The  resonant 
wavelength,  A,  of  the  sound  generated  by 
the  ring  groove  depends  primarily  on  the 
size  and  shape  of  the  groove  and  is  approx- 
imately equal  to  AD. 

The  pressure  taps  are  openings  into  nar- 
row tubes  separated  from  each  other  by  an 
integral  multiple  of  112  along  the  axis  of  the 
pipe.  The  sound  travels  along  the  tubes  to  a 
convenient  location  at  room  temperature, 
where  it  is  sensed  by  microphones  and 
analyzed  to  determine  the  difference  in 
phase  between  the  sound  waves  at  the  two 
pressure  taps.  Using  the  Doppler  relation 
for  the  propagation  of  waves  upstream  and 
downstream  from  the  ring  groove,  the  dif- 
ference in  phase,  Af  is  given  by 

A<|>  =  Tt  (1  +  nu/c)  when  n  is  odd  and 

A|  =  ^£p  when  n  is  even 

where  n  =  the  number  of  half  wavelengths 
between  the  pressure  taps,  u  =  the  speed 
of  flow,  and  c  =  the  speed  of  sound. 
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The  Flow  Past  the  Ring  Groove  generates  a  tone  that  propagates  upstream  and  down-        I 
stream.  The  difference  in  the  phase  of  the  tone  measured  by  the  two  microphones  indicates 
the  speed  of  flow. 


The  frequency,  f,  of  the  sound  is  meas- 
ured, and  the  speed  of  sound  is  estimated 
bye  =  AfD.  The  absolute  temperature,  T,  is 
then  estimated  from  T  =  Mc2lyR,  where  y 
=  the  specific  heat  of  the  gas  at  constant 
pressure  divided  by  the  specific  heat  at 
constant  volume,  R  =  the  gas  constant, 
and  M  =  the  mass  of  one  mole  of  the  gas 
in  the  pipe. 

Experimental  versions  of  the  gauge 
have  been  tested  successfully.  For  exam- 
ple, one  gauge  exhibits  a  resonance  at 
1,380  Hz  at  flow  speeds  of  35  to  110  m/s, 
and  the  phase  differences  were  as  predict- 


ed for  pressure  taps  with  one-  and  two- 
wave-length  separations.  The  introduction 
of  secondary  flows  of  the  same  gas  through 
a  modified  ring  source  at  a  pressure  slight- 
ly higher  than  the  local  value  has  extended 
the  range  of  operation  of  the  sensor  down 
to  zero  speed. 

This  work  was  done  by  Parthasarathy 
ShakkottalandEug  Y.  KwackofCaltech  for 
NASA's  Jet  Propulsion  Laboratory, 
NPO-17243/TN  ' 
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Heat-Flux  Sensor  for  Hot  Engine  Cylinders 

A  small,  rugged  unit  gives  accurate  data  in  a  harsh  environment. 


A  heat-f  lux  sensor  includes  a  buried  wire 
thermocouple  and  a  thin-film  surface  ther- 
mocouple, both  made  of  platinum  and  plat- 
inum with  13  percent  rhodium.  The  sensor 
is  intended  for  use  in  a  ceramic-insulated, 
low-heat-rejection  diesel  engine  at  temper- 
atures of  about  1,000  K. 

The  body  of  the  sensor  is  an  iron  plug. 
One  end  of  the  plug  is  coated  with  yttria- 
stabilized  zirconia.  Thin  films  of  Pt  and  0.87 
Pt/0.13  Rh  are  then  sputter-deposited  on 
the  zirconia  layer  through  a  metal  mask  so 
that  they  form  slightly  overlapping  circles 
(see  figure).  The  relatively-large  nonover- 
lapping  area  allows  ample  space  for  weld- 
ing lead  wires  (and  rewelding,  if  necessary) 
and  for  testing  the  adherence  of  the  films 
without  damaging  the  thermocouple  junc- 
tion. The  circular  configuration  helps  to 
minimize  concentration  of  stress  in  the 
films.  The  wire  thermocouple  is  embedded 
in  the  core  of  the  plug. 

Procedures  have  been  established  for 
preparing  the  surface  of  the  plug,  sputter- 
ing the  films,  and  welding  the  lead  wires  in 
ways  that  maximize  the  adherence  of  the 
various  layers.  First,  a  bonding  coat  is  ap- 
plied to  the  plug.  The  zirconia  is  plasma- 
sprayed  on  the  bonding  coat,  chemically 
cleaned  in  solvents  in  ultrasonic  baths, 
baked,  plasma-etched,  and  covered  with 
an  electrically  insulating  alumina  bonding 
coat  2  urn  thick.  The  platinum  and  plati- 
num/rhodium films  are  sputtered  to  depths 
of  5  and  3  jim,  respectively.  The  insulated 
lead  wires  are  exposed  at  their  tips  and  at- 
tached to  the  films  by  a  parallel-gap  welder. 

A  prototype  sensor  performed  reliably  in 
engine  tests  for  10  hours  at  mean  surface 
temperatures  up  to  950  K.  When  the  maxi- 
mum combustion-cycle  temperature  rose 
above  1,150  K,  however,  the  all-platinum 
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A  Thermocouple  Junction  that  resists  the  environment  in  the  cylinder  of  an  advanced  high- 
temperature  diesel  engine  is  created  by  depositing  overlapping  films  of  Pt  and  0.87  Pt/0.13 
Rh  on  an  iron  plug.  The  plug  also  contains  an  internal  thermocouple. 


film  developed  blisters.  The  adhesion  of 
this  film  may  be  improved  by  deposition  of 
a  layer  of  platinum  oxide  300  /^m  thick  un- 
der the  platinum  film. 

77J/S  work  was  done  by  Walter  S.  Kim, 
Richard  F.  Barrows,  Floyd  A.  Smith,  and 
John  Koch  of  Lewis  Research  Center. 
Further  information  may  be  found  in 
NASA  TM-100798  [N88-18892],  Price 
Code:  A03  "Prototype  Thin-Film  Thermo- 


couple/Heat-Flux Sensor  for  a  Ceramic- 
Insulated  Diesel  Engine. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14830/TN 
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Navy  Keeps  Plastic  Waste  Out  of  the  Sea:  A  New 
Compactor 


The  David  Taylor  Research 
Center  (DTRC),  Bethesda  and 
Annapolis,  Maryland,  is  develop- 
ing shipboard  technologies, 
under  the  sponsorship  of  the 
Naval  Sea  Systems  Command,  to 
manage  solid  waste  and 
eliminate  the  disposal  of  plastic 
waste  into  the  sea.  Among  those 
are  a  vertical  trash  compactor 
and  a  solid  waste  pulper. 

A  DD  963  class  destroyer  is 
equipped  with  a  new  compactor 
that  compresses  solid  and  plastic 
waste  into  slugs  1/5  the  original 
volume.  During  an  18-day 
underway  period,  120  slugs  of 
negatively  buoyant,  nonplastic 
solid  waste  and  20  slugs  of  plastic 
waste  were  produced.  All  plastic 
waste  was  retained  onboard  until 
the  ship  returned  to  port. 

An  AS  39  class  submarine 
tender  recently  crossed  the 
Atlantic  Ocean  with  over  1,000 
personnel  aboard  while  retaining 
all  plastic  waste.  Solid  waste  was 
source  separated  into  three 
categories-paper  and  food,  metal 
and  glass,  and  plastic.  Paper  and 
food  were  reduced  to  small 
particles  in  a  waste  pulper  and 
pumped  overboard  in  a  slurry. 


Metal  and  glass  were  bagged  in 
burlap  and  also  discarded. 
Plastic  was  stored  in  39-gallon 
bags  and  retained  onboard  for 
offload  in  port.  Plastic  waste 
from  food  service  operations 
alone  totaled  130  bags. 

During  16  days  at  sea, 
personnel  aboard  an  FFG  7  class 
frigate,  collected  and  retained 
onboard  650  pounds  of  plastic 
waste.  Alternative  products 
were  substituted  for  some  plastic 
items  such  as  trash  bags. 

Four  more  ships,  including 
submarines  and  an  aircraft 
carrier,  will  also  participate  in 
plastic  waste  control  demon- 
strations through  Fall  1989, 
resulting  in  recommended  equip- 
ment and  procedures  to  achieve 
fleet-wide  elimination  of  plastic 
waste  discharges  at  sea. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

Code  E211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  140503/TN 
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0064  Hydrogen-Free  Electroplating  of  Cadmium  on  High-Strength  Steels 

0065  Aligning  Plasma-Arc  Welding  Oscillations — A  simple,  easy-to-use  tool 
improves  weld  quality. 
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LLS-  Navy  Technology  Application 


Hydrogen-Free  Electroplating  of  Cadmium  on  High- 
Strength  Steels 


High-strength  4340  and  300M  steel  components  in  naval  air- 
craft are  subject  to  abrupt  mechanical  failures  during  service  in 
marine  environments  because  of  hydrogen  embrittlement,  stress  cor- 
rosion cracking,  and  corrosion  fatigue.  A  high-strength  steel  speci- 
men under  load  may  fail  from  the  combined  effects  of  electro- 
chemical corrosion  and  stress.  One  of  the  proposed  mechanisms  of 
hydrogen  embrittlement  is  that  the  stress  is  caused  by  high  internal 
pressure  resulting  from  the  recombination  of  hydrogen  atoms  in 
bulk  steel  to  form  hydrogen  molecules.  Many  electroplating 
processes  generate  atomic  hydrogen  that  may  then  embrittle  the 
steel  being  plated.  However,  for  corrosion  resistance  in  marine 
environments,  electroplating  of  a  thin  coating  of  cadmium  onto 
steel  has  been  the  general  practice  particularly  in  military  and  aero- 
space applications.  Cadmium  outperforms  zinc  and  is  the  most 
widely  used  coating  for  the  protection  of  high-strength  steel  com- 
ponents, such  as  fasteners,  landing  gear,  springs,  and  bearing  rings 
in  marine  environments.  In  light  of  the  above,  the  Naval  Air  Devel- 
opment Center  contracted  with  Varma,  et  al.  [Chemical  Technology 
Division,  Argonne  National  Laboratory  (ANL),  Argonne.  Illinois] 
to  carry  out  a  project  addressing  this  problem.  The  objective  was 
to  electroplate  a  0.5-mil  thick  cadmium  coating  on  high-strength 
steel  (300M  or  AISI  4340)  at  high  speed  without  hydrogen  ingress 
into  the  bulk  steel. 

At  the  present  time  the  direct  current  electroplating  of  cad- 
mium from  cyanide  baths  followed  by  baking  is  the  state-of-the- 
art  technology  practiced  for  corrosion  protection  of  high-strength 
steels  in  aerospace  and  naval  applications.  Accordingly,  in  the 
initial  work  at  ANL,  cadmium  was  electroplated  from  cyanide 
electrolytes  onto  high-strength  steels  at  high  rates  using  pulsed  or 
direct  current.  However,  hydrogen  embrittlement  of  the  substrate 
due  to  excessive  hydrogen  codeposition  prevailed  with  the  cyanide 
electrolytes.  For  that  reason,  emphasis  in  the  work  at  ANL  was 
shifted  to  the  fluoborate  electrolyte,  which  has  been  claimed  to  be 
less  prone  to  causing  hydrogen  embrittlement  than  the  cyanide 
electrolyte. 

Varma,  et  al.,  reported  that  they  have  developed  a  new  process 
for  rapid  electrodeposition  of  strongly  adherent  coatings  of  cad- 
mium on  high-strength  300M  and  4340  steels  using  aqueous  fluo- 


borate electrolytes  without  hydrogen  codeposition.  The  composi- 
tion of  one  of  the  aqueous  fluoborate  baths  employed  was:  242  g/1 
Cd(BF4)2,  60  g/1  NH4BF4,  23  g/1  NH4BF4,  23  g/1  H3BO3,  and 
2  ppm  technical  protein  colloid;  a  pH  of  about  2.2  was  used.  The 
new  process  employs  pulse  plating  in  an  electrolyte  flow  cell.  In 
the  electrolyte  flow  cell,  the  fluoborate  solution  is  circulated 
through  a  narrow  channel,  where  a  steel  disk  specimen  is  placed 
facing  a  cadmium  anode  electrode;  the  flow  rate  can  be  adjusted 
from  0  to  56  m/sec.  A  combination  of  a  nucleating  pulse  of 
0.50  amp/cm^  for  0.5  sec  and  fast  pulses  or  a  DC  growth  current 
density  of  0.050  amp/cm^  provided  the  best  results,  with  good 
coverage  and  adhesion  of  void-free  cadmium  coatings.  The  authors 
concluded  that  hydrogen-free  electroplating  of  cadmium  on  high- 
strength  steel  from  fluoborate  electrolyte  is  feasible.  They  re- 
ported that  initial  measurements  of  some  samples  of  both  DC  and 
flow-cell/pulse  experiments  showed  that  no  measurable  mobile 
hydrogen  was  absorbed  into  the  steel  substrates  during  plating. 
They  also  reported  that  the  softness  of  the  deposits  revealed  little 
hydrogen  embrittlement  of  the  cadmium  coating  itself. 

Readers  interested  in  cadmium  plating  are  urged  to  study  the 
full  report  (103  pages)  on  this  project  to  obtain  detailed  data  and 
information  on  the  experimental  work  carried  out  and  the  results 
obtained.  It  should  also  be  noted  that  as  part  of  their  conclusions, 
the  authors  comment  that  a  comprehensive  study  should  be  directed 
toward  improving  the  throwing  power  of  the  fluoborate  electrolyte 
by  studying  the  effect  of  various  bath  additives.  They  also  con- 
cluded that  the  next  phase  of  the  work  should  be  related  to  the 
optimization  of  process  variables  to  provide  a  final  recommendation 
to  the  Navy  for  engineering  scale-up. 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield,  VA 
22161;      (703)487-4600. 

NTIS  order  number:    ADA  197711/NAC 

Price  code:  A06 
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Aligning  Plasma-Arc 
Welding  Oscillations 

A  simple,  easy-to-use  tool 
improves  weld  quality. 

A  tool  aids  in  the  alignment  of  the  oscilla- 
tor probe  on  a  variable-polarity  plasma-arc 
welding  torch.  The  probe  magnetically 
pulls  the  arc  from  side  to  side  as  it  moves 
along  the  joint.  The  tensile  strength  of  the 
joint  depends  on  the  alignment  of  the  weld 
bead  and,  therefore,  on  the  alignment  of 
the  probe. 

Previously,  the  welding-machine  opera- 
tor used  a  protractor  and  hand  level  to  align 
the  probe  with  the  center  of  the  plasma  ori- 
fice, but  significant  misalignment  often  re- 
mained. Now,  the  operator  simply  installs 
the  new  tool  on  the  front  of  the  torch  body, 
levels  it  with  a  built-in  bubble  glass,  inserts 
the  probe  in  a  slot  on  the  tool,  and  locks  the 
probe  in  place  (see  figure).  With  the  new 
tool,  the  procedure  is  faster  and  easier  and 
the  resulting  alignment  more  accurate  and 
repeatable. 

This  work  was  done  by  Jeff  Norris  and 
Mike  Fairley  of  Martin  Marietta  Corp.  for 
Marshall  Space  Flight  Center. 
MFS-28303/TN 


0 


The  Aluminum  Aligning  Tool  fits  on  the  body  of  a  plasma-arc  welding  torch.  It  receives  the 
oscillator  probe  in  a  slot  at  its  bottom,  thereby  positioning  the  probe  directly  under  the  cen- 
ter of  the  plasma  orifice. 


FOR  ADDITIONAL  INFORMATION:  Confacf:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Caldron  for  High-Temperature  Alloys 

Metals  are  melted  by  induction. 


An  induction-heated  caldron  melts  high- 
temperature  alloys.  The  use  ot  the  caldron 
prevents  the  sort  of  contamination  of  melts 
that  occurs  during  arc  melting  in  ceramic 
crucibles.  The  caldron  can  liquefy  200 
grams  of  the  solid  metal  components  of  an 
alloy  like  niobium  aluminum  and  make  the 
alloy  homogeneous  in  less  than  3  minutes. 
It  can  also  serve  as  a  mold  for  casting 
alloys  into  such  shapes  as  bars. 

The  caldron  includes  a  thick  copper 
sleeve,  insulated  on  its  inside  with  a  layer  of 
plasma-sprayed  alumina.  The  bottom  of 
the  caldron  is  a  tapered  copper  plug,  also 
coated  with  alumina.  Cooling  water  cir- 
culates in  the  channels  in  the  thick  sleeve. 


The  combination  of  cooling  and  alumina  in- 
sulation confines  high  temperatures  to  the 
interior  of  the  caldron.  Water-cooled,  fiber- 
glass-insulated induction  coils  surround 
the  caldron  (see  figure).  Copper  tubes 
carry  both  coolant  and  radio-frequency  en- 
ergy to  the  coils. 

The  tapered  surface  of  the  plug  contains 
vertical  grooves  filled  with  refractory  ce- 
ment. When  the  plug  is  inserted  in  the 
sleeve,  the  grooves  let  electromagnetic 
flux  penetrate  the  melt.  Coolant  also  flows 
through  the  plug.  The  plug  can  be  removed 
for  maintenance  or  for  cleaning  the  cal- 
dron. If  needed,  a  second  plug  can  be  in- 
serted at  the  top  of  the  sleeve  so  that  the 


melt  environment  can  be  pressurized. 

For  loading  and  melting,  the  caldron  is  in 
the  vertical  position  shown  in  the  figure. 
After  the  alloy  is  melted  and  homogenized, 
the  caldron  can  be  rotated  to  a  horizontal 
position  to  pour  the  melt  out  or  to  allow  the 
melt  to  fill  a  molding  cavity  in  the  sleeve. 
Electrical  power  to  the  coils  is  then  turned 
off,  and  the  melt  cools  and  solidifies  in  the 
cavity.  A  sound,  pore-free  casting  results. 

This   work  was  done  by  Henry  J. 
Geringer  of  Lewis  Research  Center. 
LEW-14790/TN 
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A  Plugged  Sleeve  constitutes  the  main  body  of  the  caldron.  Coolant  flows  through  the  sleeve  to  prevent  it  from  melting.  The  mandrel-wound 
induction  colls  can  be  adjusted  to  tune  the  source  of  power. 
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Design  of  Feedforward  Controllers  for  Multivariate  Plants 

Controllers  are  based  on  simple  low-order  transfer  functions. 


Mathematical  criteria  have  been  derived 
for  the  design  of  feedforward  controllers 
for  a  class  of  multiple-input/multiple-output 
linear  plants.  The  controllers  are  repre- 
sented by  simple  low-order  transfer  func- 
tions, which  are  obtained  without  recon- 
struction of  the  states  of  commands  and 
disturbances. 

For  the  system  shown  at  the  top  of  the 
figure,  the  plant  is  described  by 

Y(s)  =  Gc(s)U(s)  +  Gd(s)W(s) 
and  the  open-loop  control  law  is 

U(s)  =  P(s)W(s)  +Q(s)V(s) 
where  s  is  the  Laplace-transform  complex 
frequency,  U  is  an  m  x  1  vector  represent- 
ing the  control  input  to  the  plant,  W  is  an 
m  x  1  vector  representing  the  measurable 
disturbance  input  to  the  plant,  V  is  an  I  x  1 
vector  representing  the  command  input,  Y 
is  an  i  x  1  vector  representing  the  output  of 
the  plant,  and  Gc and  Gdare  the  i  x  m  and 
i  xm  transfer-function  matrices  that  relate 
the  control  and  disturbance  inputs,  respec- 
tively, to  the  output.  The  problem  is  to  deter- 
mine the  transfer-function  matrices  P(s) 
and  Q(s)  of  the  feedforward  controllers  so 
that,  in  the  steady  state,  the  output  y(t) 
(where  t  =  time)  obeys  the  command  v(t) 
and  does  not  include  a  response  to  the  dis- 
turbance w(t).  The  plant  is  assumed  to  be 
stable. 

The  linearity  of  the  system  permits  the 
decomposition  of  the  problem  into  two  sep- 
arate subproblems:  the  rejection  of  the  dis- 
turbance by  P(s)  when  v  =  0  and  the  track- 
ing of  the  command  by  Q(s)  when  w  =  0. 
The  main  result  of  the  analysis  of  the  rejec- 
tion subproblem  is  a  requirement  that  the 
zeros  of  a  specific  rational  vector  com- 
posed of  elements  of  P(s)  and  of  a  specific 
formulation  of  Gc(c)  and  Gd(s)  contain  the 
poles  of  W(s).  There  must  be  at  least  as 
many  control  inputs  as  outputs  (m>l),  and 
the  poles  of  the  disturbances  must  not 
coincide  with  the  transmission  zeros  of  the 
plant.  Provided  that  these  requirements 
are  satisfied,  the  designer  can  choose  any 
of  a  wide  variety  of  transfer  functions  and  is 
free  to  make  P(s)  consist  of  relatively- 
simple  proportional,  derivative,  and  low- 
order  dynamic  terms. 
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The  Feedforward  Controllers  P(s)  and  Q(s)  enable  the  plant  to  track  the  command  v  while  re- 
maining unresponsive  to  the  disturbance  w  in  the  steady  state.  The  feedback  controller  K(s) 
can  be  added  independently  of  P(s)  and  Q(s)  to  stabilize  the  plant  or  to  make  the  control  sys- 
tem less  susceptible  to  variations  in  the  parameters  of  the  plant. 


The  main  result  from  the  tracking  sub- 
problem  is  a  requirement  that  the  zeros  of 
another  specific  rational  vector  composed 
of  elements  of  Q(s)  and  of  the  same  specif- 
ic formulation  of  Gc(s)  and  Gd(s)  contain 
the  poles  of  V(s).  The  poles  of  the  com- 
mands must  not  coincide  with  the  trans- 
mission zeros  of  the  plant,  and,  as  before, 
there  must  be  at  least  as  many  control  in- 
puts as  outputs.  As  in  the  case  of  Pis),  the 
designer  is  otherwise  free  to  choose  sim- 
ple proportional,  derivative,  and  low-order 
dynamic  terms. 

If  the  plant  is  unstable,  it  can  be  stabi- 
lized by  a  feedback  controller  described  by 
K(s),  as  shown  in  the  lower  part  of  the 
figure.  K(s)  can  be  based  on  the  open-loop 
plant,  selected  independently  of  P{s)  and 
Q(s)  by  methods  developed  previously. 

For  a  plant  with  appreciable  time  con- 
stants, a  disturbance-feedforward  control- 
ler P(s)  produces  immediate  corrective 
control  action  to  counteract  the  effects  of 
disturbances  on  the  outputs  of  the  plant, 


whereas  a  feedback  controller  is  ineffec- 
tive until  the  disturbance  has  acted  on  the 
plant  for  some  time  and  the  output  is  per- 
turbed. Consequently,  unlike  feedback 
controllers,  feedforward  controllers  are 
capable  of  decoupling  of  the  disturbances 
and  matching  of  the  commands. 

As  in  the  case  of  all  open-loop  controllers, 
the  disturbance-rejection  and  command- 
tracking  properties  of  the  feedforward  sys- 
tem are  lost  in  the  face  of  unpredictable  var- 
iations in  the  parameters  of  the  plant. 
However,  when  these  variations  are  known 
a  priori  and  the  feedforward  controllers  are 
"updated"  to  cope  with  these  variations, 
then  the  steady-state  output-control  prop- 
erties are  preserved.  Although  feedback  is 
not  required  when  the  plant  is  stable,  the 
use  of  feedback  is  often  recommended  to 
reduce  sensitivity  to  these  variations  and 
thereby  increase  the  robustness  of  the 
overall  control  system. 

This  work  was  done  by  Homayoun  Seraji 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO- 1 71 77/TN 
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Determining  Equilibrium  Position  for  Acoustical  Levitation 

The  sample  does  not  have  to  be  levitated  during  the  measurement. 


The  equilibrium  position  and  orientation 
of  an  acoustically-levitated  weightless  ob- 
ject can  be  determined  by  a  calibration 
technique  on  Earth.  From  the  calibration 
data,  it  is  also  possible,  in  principle,  to  cal- 
culate the  equilibrium  position  and  orienta- 
tion in  the  presence  of  Earth  gravitation. 
The  sample  is  not  levitated  acoustically 
during  the  calibration. 

The  technique  relies  on  the  Boltzmann- 
Ehrenfest  adiabatic-invariance  principle, 
one  consequence  of  which  is  that  the  ef- 
fective potential  energy  of  an  object  in  an 
isolated  acoustic  mode  of  a  cavity  is  pro- 
portional to  the  resonant  frequency  of  that 
mode.  The  factor  of  proportionality  de- 
pends on  the  properties  of  the  mode.  Such 
equilibrium  levitation  properties  as  the 
position  and  orientation  of  the  object  are 
determined  by  measuring  the  conditions 
under  which  the  total  energy  of  the  ob- 
ject/cavity system  is  minimized.  Thus,  by 
measuring  the  resonant  frequency  as  the 
orientation  or  position  (or  both)  of  the  ob- 
ject is  varied,  one  can  find  the  equilibrium 
orientation  or  position  (or  both)  as  that 
which  minimizes  the  measured  resonant 
frequency. 

Figure  1  illustrates  the  use  of  this  tech- 
nique in  a  round  cylindrical  levitation 
chamber.  (However,  the  technique  is  appli- 
cable to  objects  and  chambers  of  arbitrary 
shape.)  The  object  is  rigidly  supported  at  a 
selected  position  and  orientation,  and  the 
frequency  of  the  acoustic  driver  is  adjusted 
to  resonance,  as  indicated  by  maximum 
sound-pressure  amplitude  detected  by  the 
microphone.  The  process  is  repeated  for 
other  positions  and/or  orientations  to  find 
the  minimum  resonant  frequency  and  to 
obtain  plots  of  the  relative  shifts  in  the  reso- 
nant frequency  as  functions  of  position  and/ 
or  orientation.  The  process  can  be  auto- 
mated and  controlled  by  a  computer. 

By  jse  of  the  Boltzmann-Ehrenfest  prin- 
ciple, one  can  convert  the  resonant-fre- 
quency-shift data  into  data  on  the  normal- 
ized acoustical  potential  energy.  Of  course, 
the  minimum  of  this  energy  occurs  at  the 
equilibrium  point.  From  the  gradients  of  the 
acoustical  potential  energy,  one  can  calcu- 
late the  acoustical  restoring  force  or 
torque  on  the  object  as  a  function  of  the  de- 
viation from  the  equilibrium  position  or 
orientation. 
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Figure  1.  The  Resonant  Frequency  of  the  Chamber  is  measured  as  a  function  of  the  position 
and/or  orientation  of  the  sample.  The  point  of  minimum  resonant  frequency  is  that  at  which 
the  sample  would  be  levitated  acoustically  if  it  were  weightless. 
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Figure  2.  The  Equilibrium  Position  for  Levitation  of  the  spherical  sample  illustrated  in  Figure  1 
is  at  the  midlength  of  the  chamber,  where  the  resonant  frequency  is  at  its  minimum.  Here  f  = 
the  empty-chamber  resonant  frequency  and  A/  =  f  -  f ,  where  1  =  the  resonant  frequency  as 
a  function  of  axial  position  z. 


and  G.  Aveni  of  Caltech  and  S.  Putterman 
and  J.  Rudnick  of  UCLA  for  NASA's  Jet 
Propulsion  Laboratory. 
N0P-17511/TN 


Figure  2  shows  some  results  of  meas- 
urements with  a  spherical  object  in  the 
cylindrical  chamber  excited  in  the  funda- 
mental z-plane-wave  mode.  As  one  might 
expect  intuitively,  the  equilibrium  (mini- 
mum-resonant-frequency) position  in  this 
mode  is  at  the  midlength  of  the  chamber. 
This  work  was  done  by  M.  B.  Barmatz 
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Forging  Long  Shafts  on  Disks 

A  removable  punch  halves  the  required  stroke. 


A  proposed  isothermal-forging  appara- 
tus could  produce  long  shafts  integral  with 
disks.  In  conventional  isothermal-forging 
equipment,  the  forging  stroke  must  be  at 
least  twice  as  long  as  the  shaft  being 
forged  to  enable  the  loading  and  unloading 
of  the  workpiece.  In  the  proposed  equip- 
ment, which  is  based  on  the  modification 
of  conventional  isothermal-forging  equip- 
ment, the  required  stroke  could  be  cut  by 
more  than  half.  This  would  enable  the  forg- 
ing of  shafts  as  long  as  48  in.  (122  cm)  on 
a  typical  modified  conventional  forging 
press,  which  would  otherwise  be  limited  to 
making  shafts  no  longer  than  18  in.  (46  cm). 

The  principal  feature  of  the  modified  ap- 
paratus would  be  a  removable  punch  (up- 
per die)  (see  figure).  The  upper  die  would 
be  part  of  a  stack  that  would  include 
spacers.  Some  of  the  spacers  could  be  re- 
moved to  enable  the  workpiece  and  punch 
to  be  loaded  into  the  forging  chamber.  After 
completion  of  a  forging  cycle,  the  work- 
piece  and  punch  would  be  removed  from 
the  forging  chamber  together  and  disas- 
sembled outside  the  press. 

Only  the  region  of  the  workpiece  at  the 
junction  of  the  disk  and  shaft  undergoes 
significant  plastic  deformation;  therefore, 
the  existing  heating  elements  on  a  conven- 


tional isothermal-forging  press  would  be 
adequate  for  use  in  the  modified  version. 
The  workpiece  would  not  remain  isother- 
mal during  the  forging  process  in  the 
modified  apparatus.  Once  the  material  ex- 
truded past  the  orifice  in  the  punch,  it 
would  move  out  of  the  heat  zone  and  shrink 
away  from  the  punch. 

The  process  and  equipment  are  suited 
to  the  forging  of  alloys  that  exhibit  super- 
plasticity  at  some  range  of  temperature 
and  strain  rate.  A  workpiece  of  an  alloy 
otherwise  difficult  to  process  could  be  pre- 
formed by  end  upset,  and  a  shaft  could  be 
isothermally  forged  into  it,  producing  a 
high-integrity  disk/shaft  component  that 
would  have  radial  flow  of  grain  in  the  disk 
and  axial  flow  of  grain  in  the  shaft.  This 
technology  could  be  used  to  improve  such 
products  as  components  of  gas  turbines 
and  turbopumps  and  of  other  shaft/disk 
parts  for  powerplants,  drive  trains,  or  static 
structures. 

This  work  was  done  by  Chris  Tilghman, 
William  Askey,  and  Steven  Hopkins  of 
United  Technologies  Corp.  for  Marshall 
Space  Flight  Center. 

MFS-28288/TN 
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REMOVAL  OF  FORGED  PART 

The  Removable  Punch,  in  which  the  forged 
material  would  cool  after  plastic  deforma- 
tion, is  the  essential  novel  feature  of  the 
proposed  forging  apparatus. 
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Gland  With  Cantilever  Seal 

A  tube  is  sealed  by  deformation. 


A  single-piece  gland  forms  a  tight  seal 
on  a  probe  or  tube  that  contains  liquid  or 
gas  at  high  pressure.  The  gland  and  probe 
align  themselves  as  they  are  assembled  by 
a  simple  torquing  procedure.  They  can  be 
disconnected  easily  and  reused  at  the 
same  site.  They  can  be  made  from  any  of  a 
wide  variety  of  materials  so  that  they  are 
compatible  with  the  application. 

Conventional  pressure  fittings  for  probes 
consist  of  two  to  four  pieces  and  require 
more-complicated  assembly  procedures. 
Often  they  include  soft  sealing  parts  that 
cannot  be  reused.  Often  too  they  demand 
custom  engineering  to  ensure  compatibili- 
ty with  the  particular  operating  environ- 
ment. 

The  gland  is  placed  on  the  tube  or  probe. 
In  one  version  (see  figure),  a  metal  boss 
seal  is  added  below  the  gland.  The  gland  is 
then  threaded  into  a  hole  in  the  housing  to 
which  the  tube  or  probe  is  to  be  sealed.  The 
cantilever  action  of  the  upper  end  of  the 
gland  deforms  the  wall  of  the  tube  or  probe, 
thereby  sealing  the  wall  to  the  gland 
around  the  circumference.  At  the  same 
time,  the  gland  compresses  the  boss  (in 
one  version)  or  mates  with  a  conical  seal- 
ing surface  of  its  lower  end  (in  another  ver- 
sion), thereby  sealing  the  base  of  the  gland. 
The  lower  pressure  inside  the  gland  en- 
hances the  deformation  and  pressure 
seals. 

The  wall  of  the  tube  or  probe  must  be 
thick  enough  to  accommodate  the  defor- 
mation without  rupturing.  The  maximum 
deformation  is  designed  in  coordination 
with  the  seating  and  deformation  of  the 
boss  or  conical  seal. 

This  work  was  done  by  Patrick  B.  Melton 
of  United  Technologies  Corp.  for  Marshall 
Space  Right  Center.  No  further  docu- 
mentation is  available. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28328/TN. 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Right 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D.  Wofford,  Jr. 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


■Housing 


VERSION  WITH  METAL  BOSS  SEAL 


Housing 


VERSION  WITH  CONICAL  SEAL 


The  Cantilever  Ring  at  the  Top  of  the  Gland  bites  into  the  wall  ot  the  tube  or  probe,  sealing  It. 

The  deformation  is  exaggerated  in  this  partial  cutaway  view. 
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Grinding  Si3N4  Powder  in 
Si3N4  Equipment 

Three  methods  of  grinding 
are  compared. 

Attrition  milling  in  silicon  nitride  mills  is  a 
fast  way  of  producing  fine  silicon  nitride 
powders  with  minimum  pickup  of  impurity, 
a  report  concludes.  The  report  is  based  on 
a  study  of  grinding  silicon  nitride  powder  in 
preparation  for  sintering  it  into  a  solid  ce- 
ramic material. 

Attrition,  vibratory,  and  ball  mills  lined 
with  reaction-bonded  silicon  nitride  were 
tested.  The  rates  of  reduction  of  particle 
sizes  and  the  changes  in  chemical  compo- 
sitions of  the  powders  were  measured  so 
that  the  grinding  efficiencies  and  the  in- 
creases in  impurity  contents  from  wear  of 
the  mills  and  media  could  be  evaluated  for 
each  technique. 

The  results  showed  that  the  attrition  mill 
and  the  vibratory  mill  reduce  the  sizes  of 


particles  (measured  by  increases  in  sur- 
face area)  at  about  the  same  rate  —  about 
eight  times  that  of  the  ball  mill.  The  amount 
of  oxygen  picked  up  by  the  particles  in- 
creases with  milling  time.  The  cumulative 
increase  in  oxygen  content  as  a  function  of 
the  cumulative  increase  in  particle  surface 
area  is  about  the  same  in  ball  and  attrition 
milling  but  about  six  times  as  large  in  vi- 
bratory milling.  Consequently,  because  of 
its  high  rate  of  reduction  of  particle  size 
and  low  rate  of  absorption  of  oxygen,  attri- 
tion milling  is  preferred. 

Three  milling  fluids  were  tested:  ethanol, 
heptane  plus  3  volume  percent  ethanol, 
and  n-butanol.  In  ball  milling,  butanol  was 
found  to  cause  more  contamination  with 
carbon  than  did  the  other  fluids  because  it 


degraded  a  rubber  cap  on  the  mill.  Butanol 
also  caused  slower  reduction  in  the  sizes 
of  particles. 

77ms  work  was  done  by  Thomas  P.  Herbell, 
Marc  R.  Freedman,  and  James  D.  Kiserof 
Lewis  Research  Center.  Further  informa- 
tion may  be  found  in  NASA  TM-86864  (Re- 
vised) [N86-24839],  Price  Code:  A02 
"Particle  Size  Reduction  of  Si3N4 
Powder  with  Si3N4  Milling  Hardware. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14821/TN 
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Jig  Aligns  Shadow  Mask  on  CCD 

Alignment  can  be  viewed  through  a  microscope. 


An  alignment  jig  positions  a  shadow 
mask  on  a  charge-coupled  device  (CCD) 
so  that  a  metal  film  can  be  deposited  on  it 
precisely.  The  jig  allows  the  CCD  package 
to  be  inserted  and  removed  without  dis- 
turbing the  alignment  of  the  mask.  The  jig 
holds  the  CCD  package  securely  and  iso- 
lates it  electrostatically  while  providing 
electrical  contact  to  each  of  its  pins. 

The  jig  fits  on  a  microscope  stage.  It 
transmits  light  from  the  microscope  il- 
luminator at  the  bottom,  through  the  CCD 
and  the  mask,  so  that  a  technician  can 
align  the  mask  under  the  microscope  to 
obtain  a  translational  accuracy  of  ±  5  ym 
and  a  rotational  accuracy  of  0.15°. 

A  carrier  holds  the  CCD  package  and  its 
pins  (see  figure).  Alignment  pins  and 
screws  secure  the  carrier  to  a  baseplate 
from  below.  Screws,  Belleville  (spring) 
washers,  and  clamps  loosely  secure  the 
shadow  mask  to  the  baseplate  from  above. 
The  baseplate  holds  the  mask  0.005  in. 
(0.13  mm)  above  the  glass  membrane  that 
constitutes  the  cover  of  the  CCD  and  that 
will  receive  the  metal  coat. 

An  alignment  ring  that  mates  with  the 
baseplate-and-carrier  assembly  includes 
three  spring-loaded  pins  opposed  by  three 
micrometers  to  align  the  mask.  The  techni- 
cian places  the  alignment  ring  on  the  base- 
plate-and-carrier assembly  and  adjusts  the 
micrometers  while  viewing  the  mask  and 
CCD  under  the  microscope.  Once  align- 
ment is  achieved,  the  technician  then 
tightens  the  restraining  screws  and  clamps 
to  hold  the  mask  firmly  in  position. 

The  alignment  ring  is  removed  from  the 
assembly,  and  the  assembly  is  placed  in  a 
vacuum  chamber  where  the  metal  film  is 
deposited.  The  baseplate  and  the  carrier 
are  designed  to  withstand  the  harsh  en- 
vironment of  the  deposition  chamber. 

This  work  was  done  by  Carlos  V. 
Matus  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NP0-17672/TN 
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Clamps 


When  the  Alignment  Jig  Is  Assembled  with  a  CCD,  It  Is  used  to  move  the  mask  under  mi- 
crometer control. 
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Lightweight, 
High-Current 
Welding  Gun 

A  resistance  welder 
delivers  up  to  4,000  A. 

A  lightweight  resistance-welding  gun 
(see  figure)  delivers  currents  and  weld 
forces  ordinarily  obtainable  only  from 
larger,  heavier  equipment.  The  hand-held 
gun  supplies  alternating  or  direct  current 
over  a  range  of  600  to  4,000  A  and  can  ap- 
ply forces  from  40  to  60  lb  (178  to  267  N) 
during  welding. 

The  gun  can  be  used  to  weld  metal  sheets 
in  multilayered  stacks.  The  high-current, 
high-force,  short-duration  heating  mini- 
mizes cracking  and  produces  welds  that 
are  large  enough  for  critical  structural  ap- 
plications. 

The  body  of  the  gun  is  made  of  a  nonme- 
tallic  material  to  keep  its  weight  low.  It  is  de- 
signed to  be  comfortable  and  convenient 


to  use  and  enables  the  operator  to  adjust 
the  welding  current  to  suit  the  thickness  of 
the  weldment.  The  gun  can  be  operated 
with  a  load  cell  instead  of  a  miniature 
switch,  to  guard  against  misfiring  or  arc 
damage. 

This  work  was  done  by  Thomas  F.  Starck 
and  Andrew  D.  Brennan  of  Rockwell  Inter- 
national Corp.  for  Marshall  Space  Right 
Center.  No  further  documentation  is  avail- 
able. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center.  Refer  to 
MFS-29454/TN. 


An  Operator  Can  Maneuver  This  Welding 
Gun  Easily  and  apply  a  large  force  to  the 
weld  joint  with  it. 
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Making  Reliable  Large-Diameter  O-Rings 

Vacuum  curing  yields  joint-free,  voidless  elastomer  seals. 


A  method  for  manufacturing  large-diam- 
eter O-rings  produces  them  in  single 
pieces,  without  bonded  joints.  The  method 
also  reduces  the  probability  that  trapped 
gases  will  form  flaws.  The  O-rings  thus  pro- 
duced, which  may  have  diameters  of  as 
much  as  144  in.  (3.66  m),  are  reliable  and  of 
high  quality. 

Two  O-rings  are  made  simultaneously. 
An  O-ring  preform  —  a  length  of  uncured 
elastomer  —  is  placed  in  each  of  the  two 
doughnut-shaped  grooves  in  the  lower  half 
of  a  mold  (see  figure).  The  ends  of  each 
preform  overlap  by  about  0.04  in.  (1  mm)  in 
a  20°  skive  joint.  The  thickness  of  the 
preform  exceeds  the  final  thickness  by 
about  0.01  in.  (0.25  mm). 

The  upper  half  of  the  mold  is  set  in  place 
on  the  lower  half  so  that  the  grooves  in  the 
two  halves  become  aligned,  forming  in- 
ternal mold  cavities.  A  vacuum  is  drawn  in 
the  mold  through  an  internal  manifold  in 
the  upper  half,  drawing  the  lower  half  firmly 
into  the  upper.  O-rings  on  the  circumference 
of  the  lower  half  seal  the  mold  against  the  at- 
mosphere. The  vacuum  makes  a  press  un- 
necessary and  draws  off  gases  that  could 
create  voids  in  the  elastomer.  Hot  oil  is  cir- 
culated through  cavities  in  the  upper  and 
lower  halves  to  provide  heat  to  cure  the 
elastomer  rings. 

The  edges  of  the  preform  grooves  pro- 
trude slightly  more  than  do  the  edges  of  the 
adjacent  grooves.  This  ensures  that  the 
preform  grooves  mate  first  when  the  top 
and  bottom  halves  are  joined  and  gives  a 
clean,  blemish-free  surface  to  the  O-ring. 
Excess  elastomer  extrudes  past  these 
edges  and  collects  in  the  vacuum  cavities 
for  later  removal.  During  curing,  the  abut- 
ting surfaces  at  the  skive  joints  fuse  to  form 
seamless,  joint-free  rings. 

This  work  was  done  by  Glade  L. 
Larsen  and  Albert  R.  Harvey  of  Morton 
Thiokol,  Inc.,  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-28371/TN. 
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DETAIL  OF  GROOVES:  DIMENSIONS  FOR  EXAMPLE  ONLY 

Nesting  Upper  and  Lower  Halves  of  the  mold  hold  elastomer  rings  for  curing.  Oil  flowing 
through  upper  and  lower  cavities  heats  the  elastomer  to  cure  It. 
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Variable-Polarity  Plasma 
Arc  Welding  of  Alloy  2219 

Macrosegregation  and 
characteristics  of 
arcs  are  examined. 

A  report  presents  the  results  of  a  study 
of  variable-polarity  plasma  arc  (VPPA)  weld- 
ing of  aluminum  alloy  2219.  The  study  con- 
sisted of  two  parts: 

•  An  examination  of  the  effects  of  microse- 
gregation  and  transient  weld  stress  on 
macrosegregation  in  the  weld  pool  and 

•  Electrical  characterization  of  the  straight- 
and  reverse-polarity  portions  of  the  arc  cy- 
cle. 

In  VPPA  welding,  the  polarity  of  the  arc 
switches  many  times  per  second.  The  sput- 
tering action  of  argon  ions  during  reverse 
polarity  disrupts  the  oxide  film  that  normal- 
ly forms  on  alloy  2219,  thus  improving  the 
weldability  of  this  uniquely  weldable  binary 
alloy  of  aluminum  and  copper. 

The  study  led  to  the  conclusion  that  alloy 
2219  is  weldable  because  large  volumes  of 
liquid  are  available  during  the  latter  stages 
of  solidification.  It  also  found  that  transient 


stresses  cause  exudation  and  flaws  that 
are  subsequently  backfilled.  These  effects 
in  turn  cause  macrosegregation,  which 
manifests  itself  in  radiographic  contrast 
phenomena.  Material  enriched  in  copper 
was  found  at  the  surface  of  the  weld,  prob- 
ably produced  by  sputtering  and  evapora- 
tion. 

The  study  further  showed  that  current 
in  the  arc  falls  during  the  reverse-polarity 
portion  of  the  cycle,  but  voltage  increases 
so  much  that  greater  power  is  often  pro- 
duced in  the  reverse  part  of  the  cycle  than 
in  the  straight  (forward-polarity)  part.  At  any 
programmed  current,  the  current  in  the 
straight-polarity  portion  of  the  cycle  in- 
creases as  the  relative  duration  of  the 
reverse-polarity  portion  is  increased. 

This  work  was  done  by  Daniel  W  Walsh 
of  California  Polytechnic  State  University 
and  Arthur  C.  Nunes  Jr.,  of  Marshall 


Space  Flight  Center.    "The  Keyhole 
Region  in  VPPA  Welds. " 

Inquirires  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Marshall  Space  Flight  Center.  Refer  to 
MFS-27223/TN. 
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Automated  Prototype  Microelectronics  Inspection 


An  objective  was  to  develop  manufacturing  processes  and  equipment  for  use  in  the  inspection  of  gold 
wire  and  bonds  used  for  microelectronics  interconnects.    The  normal  operation  is  labor  intensive, 
prone  to  high  error  rate  due  to  operator  fatigue  and  subject  to  arbitrary  judgement  calls. 

The  contractor  developed  a  prototype  high  speed  vision  system  capable  of  screening  12  of  the  most 
significant  hybrid  defects.    The  system  continually  assesses  repairability  of  the  hybrid  and 
terminates  the  inspection  if  too  many  or  too  serious  defects  are  detected.  The  system  also  identifies 
the  location  and  type  of  suspected  failures. 

Several  unique  technologies  were  integrated  to  perform  the  inspection.    It  incorporates  complex 
decision  making  algorithms  for  identification  of  specific  objects  without  relying  on  image 
comparison  techniques.   Operator  involvement  is  minimal  because  of  the  high  level  of  automation. 
The  inspection  process  is  flexible  and  tolerant  of  manufacturing  variances. 

FOR  ADDITIONAL  INFORMATION:  Additional  information  on  the  above  projects  can  be  obtained  by 
contacting  F.  Stonestreet,  Industrial  Engineering  Activity,  Rock  Island,  IL  61299-7260; 
(309)782-7799. 
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Force/Torque  Display  for  Telerobotic  Systems 

A  CRT  depicts  forces  and  torques  on  an  object  held  by  a  robotic  arm. 


A  pictorial  cathode-ray-tube  (CRT)  dis- 
play of  force  and/or  torque  (F/T)  data  for 
telerobotic  systems  can  be  used  as  an  out- 
put monitor  from  a  multiaxis  sensor  or  as  a 
command  display.  In  its  elementary  form, 
the  display  consists  of  two  initially  concen- 
tric, easily  readable  circles  positioned  over 
a  crosshair  reticle.  The  relative  positions  of 
the  two  circles  with  respect  to  the  reticle 
and  to  each  other  are  programmed  to  rep- 
resent forces  and  torques  acting  along  or- 
thogonal x  and  y  axes,  derived  from  signals 
from  an  F/T  sensor. 

The  interpretation  of  the  CRT  display  is 
simple  if  the  two  circles  are  considered  as 
opposing  ends  of  a  cylindrical  or  conical 
object,  such  as  a  steel  peg  of  the  type  com- 
monly used  in  very  basic  telerobotic  task- 
board  experiments.  The  display  is  pro- 
grammed to  depict  the  relative  positions 
and  shapes  of  the  circular  ends  of  the  peg 
as  they  would  be  acted  upon  by  the  forces 
and  torques. 

A  force  acting  at  the  longitudinal  center 
and  orthogonal  to  the  axis  of  the  peg  would 
cause  a  pure  translation  and  is  pro- 
grammed to  appear  on  the  display  as  coin- 
cidental movement  of  the  centers  of  the 
two  circles  with  respect  to  the  reticle. 
Forces  acting  on  the  peg  may  produce 
torques  tending  to  cause  the  peg  to  rotate 
and  are  programmed  to  appear  as  dif- 
ferential movements  of  the  two  circles,  as 
shown  in  the  figure.  A  z-axis  force  that 
tends  to  compress  or  elongate  the  peg 
may  be  displayed  as  changes  in  the  diame- 
ters of  the  circles,  and  torsion  (torque 
about  the  longitudinal  axis)  may  be  repre- 
sented as  the  rotation  of  an  index  mark  on 
a  circle. 

This  concept  has  already  been  imple- 
mented at  NASA  Langley  Research  Cen- 
ter. The  graphical  presentation  has  been 
generated  on  two  different  graphics  sys- 
tems, one  in  color  and  one  in  black  and 
white.  High-level  programming  facilitates 
the  use  of  additional  convenient  features  in 
the  software  that  extend  the  usefulness  of 
the  sensor  data  and  display.  For  example, 


The  Relative  Positions  of  Two  Circles  represent  forces  and  torques  acting  on  an  object,  de- 
rived from  signals  from  an  F/T  sensor  composed  of  strain  gauges. 


the  bias  values  of  a  sensor  may  be  sub- 
tracted to  correct  for  drift  or  offset  of  the 
sensor.  Also,  predetermined  values  of 
force  and  torque  may  be  subtracted  from 
those  displayed  to  create  a  highly  accurate 
reference  for  any  combination  of  forces 
and  torques.  This  display  is  especially  use- 
ful in  laboratory  experiments,  to  monitor 
the  performance  of  an  automated  system 
and  for  presenting  data  on  the  status  of  a 
system  to  an  operator  at  a  control  station. 


This  work  was  done  by  Marion  A.  Wise 
of  Langley  Research  Center.  No  further 
documentation  is  available. 
LAR-13727/TN 
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U.S.  Air  Force  Fact  Sheet 


Adhesive  Bonding  of  Cast  Aluminum 


High  strength  aluminum  castings  are  finding  increasing  appli- 
cation in  weapons  systems.  As  a  result,  a  study  was  conducted  at 
the  University  of  Dayton  Research  Institute  for  the  Air  Force  to 
determine  whether  it  was  possible  to  adhesively  bond  cast  alloys 
using  techniques  developed  for  bonding  aluminum  alloy  plate. 

Bonding  studies  were  conducted  on  specimens  cut  from  an 
A357-T6  bulkhead  casting  available  from  another  Air  Force  sup- 
ported study.  Sections  were  cut  from  the  web  of  that  casting  and 
bonded  with  the  minimum  amount  of  surface  preparation  prior  to 
bonding.  Specimens  of  2024-T3  sheet  were  also  bonded  to  provide 
a  basis  for  comparison.  Areas  to  be  bonded  were  cleaned  using 
standard  procedures  and  anodized  using  a  phosphoric  acid  solution. 
A  primary  was  next  applied,  American  Cyanamid  BR-127,  using 
several  passes.  The  relatively  rough  surface  of  the  casting  intro- 
duced some  difficulty  in  achieving  a  uniform  smooth  application 
of  the  primary.  Two  different  aircraft  adhesives  were  used  to  pre- 
pare lap  joints  between  pairs  of  cast  specimens  or  pairs  of  2024 
specimens;  Hysol  EA9628  cured  at  250  F  and  American  Cyanamid 
FM-300  cured  at  350  F. 

Lap  shear  tests  similar  to  ASTM  D1002  were  conducted  to 
determine  the  effects  of  temperature  and  environmental  exposure 
on  shear  strength.  As  shown  in  Table  1,  the  shear  strength  of 
adhesively  bonded  A357  cast  material  was  slightly  inferior  to  that 
of  2024  sheet,  but  it  was  concluded  that  high  quality  bonds  could 
be  achieved  using  conventional  bonding  techniques. 

Wedge  cracking  tests  similar  to  D3762  were  performed  after 
exposure  to  salt  spray  or  humidity  for  extended  periods.    Similar 


crack  growth   data  were  obtained  for  both  cast  and  wrought  test 
specimens. 

Table  1.  Tensile  Lap  Shear  Data,  A357  Cast  Aluminum 
Versus  2024-T3  Sheet  Aluminum 


Cast 

2024-T3 

Aluminum 

Aluminum 

Lap  Shear 

Lap  Shear 

Adhesive 

Test 

Aging 

Strength, 

Strength, 

System 

Condition 

Condition 

psi 

psi 

250  F 

R.T. 

Dry 

5690 

6510 

(EA9628H) 

Wet 

5430 

6390 

180  F 

Dry 

4090 

4590 

Wet 

3350 

4240 

350  F 

R.T. 

Dry 

4300 

4410 

(FM-300) 

Wet 

4730 

4800 

300  F 

Dry 

1660 

2570 

Wet 

1780 

2440 

350  F 

Dry 

570 

460 

Wet 

320 

430 
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The  Bureau  of  Mines  has  developed  an  induction  melting 
process  for  reclaiming  titanium  alloy  scrap  in  which  melting  is 
performed  under  a  calcium  fluoride  slag.  Although  the  titanium 
reclamation  process  proved  unnecessary  by  the  time  the  process 
was  developed,  i.e.,  a  market  for  remelted  scrap  did  not  then  exist, 
interest  was  expressed  in  the  use  of  this  process  for  melting  titanium 
alloys.  However,  concern  was  expressed  that  the  CaF2  inclusions 
present  in  the  induction-slag-melted  material  might  be  detrimental 
to  properties.  A  study  was  therefore  initiated  to  determine  the 
effect  of  the  inclusions  on  the  properties  of  titanium  alloys  and  the 
ability  to  eliminate  inclusions  by  vacuum  arc  remelting  of  the 
induction-slag-melted  product. 

Studies  were  conducted  with  Ti-6A1-4V  alloy  prepared  both 
from  mixtures  of  sponge  and  Al-V  master  alloy  and  from  com- 
mercial Ti-6A1-4V  scrap.  CaF2  inclusions  were  found  in  both 
products  after  induction-slag  melting.  Inclusions  present  in  alloys 
prepared  from  sponge  titanium  and  master  alloy  also  contained 


small  amounts  of  magnesium  and  sodium.  It  was  also  found  that 
vacuum  arc  remelting  one  or  two  times  did  not  eliminate  the  in- 
clusions although  it  did  reduce  their  size.  The  number  of  inclusions 
increased  correspondingly,  however. 

Room  temperature  tensile  properties  of  annealed  material  were 
not  significantly  affected  by  the  presence  of  the  CaF2  inclusions  if 
the  amount  of  reduction  of  the  ingot  during  fabrication  had  been 
adequate.  The  alloys  with  inclusions  were  much  more  notch  sensi- 
tive than  normal  Ti-6A1-4V  product,  however. 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield,  VA 
22161;      (703)487-4600. 
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Superplastic  Forming  of  Aluminum-Lithium  Alloys 


An  article  prepared  for  publication  describing  a  study  of  the 
superplastic  forming  of  aJuminum-lithium  alloys  has  been  released 
as  an  Air  Force  technical  report.'  The  purpose  of  the  study 
described  in  that  report  was  to  examine  manufacturing  methods  for 
producing  superplastically  formed  parts  from  aJuminum-lithium 
alloys. 

Three  different  aluminum-lithium  alloys  were  studied  initially 
to  determine  response  to  superplastic  forming  and  post-forming 
mechanical  properties.  8090.  8091.  and  2090.  It  was  concluded 
from  the  study  that  8091  alloy,  Al-2.60Li-l.9Cu-0.55Mg-0.l2Zr, 
was  the  most  promising  of  the  three  for  use  where  superplastic 
forming  was  anticipated.  This  alloy  was  procured  in  three  thick- 
nesses, 0.065,  0.090,  and  0.125  inches,  in  the  superplastic  condi- 
tion for  more  detailed  studies. 

Tensile  specimens  were  used  to  determine  the  effects  of 
strain  rate  and  temperature  on  flow  stress  and  superplastic  elonga- 
tion. A  two  step  strain  rate  loading  system  appeared  to  provide  the 
best  results,  forming  initially  at  10"^  per  second,  then  at  10"^  per 
second.  Optimum  forming  temperatures  were  between  950  and 
990  F.  Back  pressure  was  needed  to  delay  the  onset  of  cavitation, 
but  engineering  strains  of  1300  percent  could  be  achieved  by  the 
use  of  appropriate  back  pressure.  In  order  to  minimize  oxidation 
problems  post-forming  heat  treatments  required  short  solution 
heat  treatment  time. 


Once  appropriate  forming  parameters  and  post-forming  heat 
treatments  had  been  selected,  forming  studies  were  initiated  using  a 
tooling  system  designed  to  form  deep  rectangular  and  square  pans. 
Fairly  accurate  control  of  the  temperature  of  the  tooling  to  mini- 
mize temperature  gradients  was  needed  to  avoid  non-uniform 
response  to  forming. 

Blanks  were  loaded  onto  hot  dies  to  reduce  time  at  elevated 
temperature  during  forming.  The  duplex  strain  rate  process  was  also 
used  to  achieve  this  purpose,  and  initial  forming  at  strain  rates  as 
high  as  1  per  second  apparently  could  be  used:  this  resulted  in  less 
control  of  thinning  uniformity,  orange  peel,  and  cavitation. 

Following  superplastic  forming,  it  was  possible  to  heat  treat 
the  formed  pans  to  achieve  properties  as  follows  (estimated  from 
a  graphical  presentation): 

Ultimate  tensile  strength,  ksi  69  (476  MPa) 

Yield  strength,  ksi  57  (393  MPa). 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield,  VA 
22161;      (703)487-4600. 
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Baffles  Promote  Wider,  Thinner  Silicon  Ribbons 

A  smoother  temperature  profile  reduces  the  tendency 
toward  buckling. 


A  set  of  baffles  just  below  the  exit  duct  of 
a  silicon-ribbon-growing  furnace  reduces 
thermal  stresses  in  the  ribbons  so  that 
wider  ribbons  can  be  grown.  The  produc- 
tivity of  the  furnace  is  thus  increased. 

The  baffles  divert  the  plume  of  hot  gas 
from  the  ribbon  and  allow  cooler  gas  from 
the  top  of  the  furnace  to  flow  around  it.  The 
baffles  also  shield  the  ribbon  from  thermal 
radiation  from  the  hot  growth  assembly 
(see  figure).  The  ribbon  is  therefore  cooled 
to  a  lower  temperature  before  it  reaches 
the  cooler  exit  duct,  avoiding  an  abrupt 
drop  in  temperature  as  it  enters  the  duct. 

Abrupt  temperature  drops  induce  stress, 
and  stress  makes  the  ribbon  buckle  and 
break.  The  tendency  to  buckle  increases 
with  the  fourth  power  of  the  ribbon  width. 
Before  the  baffles  were  installed,  a  113-j*m- 


thick  ribbon  could  be  grown  no  wider  than 
38  mm.  With  the  baffles,  the  ribbon  width 
can  be  increased  to  42  mm  and  its  thick- 
ness decreased  to  100  /im. 

This  work  was  done  by  Raymond  G. 
Seidensticker,  James  P.  McHugh,  Rolv 
Hundal,  and  Richard  P.  Sprecace  of  West- 
inghouse  Electric  Corp.  for  NASA's  Jet 
Propulsion  Laboratory. 
NP0-17168/TN 


Baffles  Like  Venetian  Blinds,  reduce  the  ef- 
fects of  two  heating  mechanisms:  radiation 
from  the  growth  assembly  and  convected 
hot  gas.  The  silicon  ribbon  cools  without  a 
sharp  dip  in  its  temperature  profile  as  it  pro- 
ceeds into  the  exit  duct  of  the  furnace. 


Furnace 
Cover 


Coo/, 


Growth 
"  Assembly 
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Electrochemical  Studies  of 
Aluminum  Coated 
With  Primer 

The  ac-impedance  method  is 
used  to  investigate  corrosion 
rates  and  mechanisms. 

A  technical  paper  describes  experi- 
ments using  the  ac-impedance  method  of 
analyzing  the  corrosion  of  metal  surfaces 
and  the  breakdown  of  protective  coatings. 
Direct-current  methods,  in  use  for  at  least 
15  years,  enable  the  quick  determination 
(30  to  60  minutes)  of  corrosion  currents 
that  translate  into  corrosion  rates  of  mils 
per  year  (1  mil/yr  =  8x10  _13  m/s).  Alter- 
nating-current-impedance scans  provide 
more  detailed  information,  which  can  indi- 
cate changes  in  corrosion  rates,  progres- 
sive deterioration  of  coatings,  changes  in 
metal  surfaces,  and  reaction  mechanisms. 
Moreover,  changes  in  the  conditions  of 
coatings  can  be  detected  by  the  ac  meth- 
od before  dc  methods  show  an  increase  in 
metal-corrosion  current. 

For  purposes  of  interpretation  of  meas- 
urements of  the  ac  impedance  of  a  corrod- 
ing specimen,  the  equivalent  circuit  of  an 
uncoated  metal  specimen  immersed  in 
aqueous  solution  is  a  resistor  (representing 
the  solution)  in  series  with  a  parallel  combi- 
nation of  a  capacitor  and  a  resistor  (repre- 


senting the  layers  of  charge  at  and  near  the 
surface  of  the  metal).  The  equivalent  circuit 
of  a  coated  specimen  is  more  complicated 
and  includes  four  resistors  and  four  capac- 
itors. The  resistances  and  capacitances 
change  with  time  as  corrosion  proceeds. 

Measurements  of  the  impedance  as  a 
function  of  frequency  provide  sufficient 
data  to  enable  the  resistances  and  capaci- 
tances to  be  determined  by  performing  a 
least-squares  fit.  A  knowledge  of  the  de- 
pendence of  these  values  on  time  can  lead 
to  a  more  detailed  understanding  of  the 
corrosion  process. 

The  specimens  for  the  experiments 
were  2219T87  aluminum  disks  coated  with 
TT-P-1757  aerosol  zinc  chromate  primer. 
The  disks  were  immersed  in  3.5-percent 
NaCI  solutions  buffered  at  pH  5.5  and  pH 
8.2  and  monitored  for  40  days  by  both  the 
ac-impedance  method  and  the  dc  polariza- 
tion-resistance method. 

The  ac-impedance  data  indicate  that  a 
charge-transfer  mechanism  predominates 
in  the  kinetics  at  both  pH  values.  The 


changes  in  one  of  the  resistive  compo- 
nents have  been  tentatively  attributed  to 
the  buildup  of  corrosion  products  in  the 
paint  film  and  the  subsequent  dissolution  of 
those  products.  The  variations  in  the  ca- 
pacitive  components  are  tentatively  attri- 
buted to  changes  in  the  thickness  of  the 
layer  of  Al203  on  the  surface  of  the  alumi- 
num. The  resistive  curves  from  the  meas- 
urements of  the  ac  impedance  and  the  dc 
polarization  resistance  are  consistent  with 
each  other. 

This  work  was  done  by  Merlin  D.  Dan- 
ford  of  Marshall  Space  Flight  Center 
and  Ward  W.  Knockemus  of  Huntington 
College.  Further  information  may  be  found 
in  NASA  TP-2715  [N87-21076/NSP],  Price 
Code:  A02  "The  Corrosion  Mechanisms 
for  Primer  Coated  221 9-T87  Aluminum. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
MFS-27184/TN 
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Pourable  Foam  Insulation 

A  study  identifies 
commercial  materials  for 
demanding  applications. 

A  report  describes  a  search  for  polyiso- 
cyanurate/polyurethane  foam  insulation 
with  superior  characteristics.  The  search 
was  prompted  by  difficulties  with  the  pro- 
prietary insulation  used  on  the  external  fuel 
tank  of  the  Space  Shuttle  and  by  the  desire 
to  find  a  formulation  of  nonproprietary  in- 
gredients for  which  chemical  information 
is  generally  available. 

A  typical  current  formulation  consists  of 
part  A,  containing  isocyante  functionalities; 
and  part  B,  containing  one  or  more  polyol(s) 
and  various  additives.  The  report  discuss- 
es the  chemistry  of  current  formulations. 
Tests  of  these  formulations,  of  individual  in- 
gredients, and  of  alternative  new  formula- 
tions are  described. 


The  search  revealed  commercially  avail- 
able formulations  that  exhibit  increased 
thermal  stability  at  temperatures  up  to 
600  °C,  can  be  poured  readily  before  cur- 
ing, present  a  good  appearance  after  cur- 
ing, and  remain  securely  bonded  to  alumi- 
num at  cryogenic  temperatures.  Besides 
thermal  stability,  pourability,  appearance, 
and  cryogenic  bond  strength,  candidate 
formulations  had  to  be  curable  at  room 
temperature  and  to  lose  all  tackiness  —  in- 
side and  out  — within  3  hours  after  mixing. 
Of  the  total  of  42  different  formulations  in- 
vestigated, 10  were  found  to  meet  these  re- 
quirements. On  the  basis  of  its  overall  per- 
formance, one  of  these  formulations  was 
selected  as  a  standard  for  experiments  to 


determine  the  effects  of  additives.  Fire 
retardants,  foaming  agents,  and  catalysts 
were  thus  evaluated. 

This  work  was  done  by  James  A. 
Harvey,  John  M.  Butler,  and  Richard  P. 
Chartoff  of  the  University  of  Dayton  for 
Marshall  Space  Flight  Center. 
"Development  of  Polyisocyanate  Pour 
Foam  Formulation  for  Space  Shuttle  Ex- 
ternal Tank  Thermal  Protection  System. " 
MFS-27217/TN 


r. 
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Making  MgO/Si02 Glasses  by  the  Sol-Gel  Process 

Melting  to  form  glasses  having  liquid-liquid  immiscibility  is  not  necessary. 


Silicon  dioxide  glasses  containing  as 
much  as  15  mole  percent  magnesium  ox- 
ide have  been  prepared  by  a  sol-gel  proc- 
ess. Such  glasses  cannot  be  made  by  con- 
ventional melting  because  the  ingredients 
are  immiscible  liquids. 

The  sol-gel  process  involves  the  hydroly- 
sis and  polycondensation  of  silicon  tetra- 
ethoxide  [SKOCgH^J  and  magnesium  ni- 
trate hexahydrate  to  form  a  clear  gel  (see 
figure).  Because  the  free  energy  of  a  gel  is 
higher  than  that  of  a  glass  of  the  same 
composition,  the  gel  can  be  converted  into 
glass  at  temperatures  far  below  the  liquid- 
us  temperature.  Besides  producing  glass- 
es of  new  composition  at  lower  processing 
temperatures,  the  sol-gel  method  leads  to 
improved  homogeneity  and  higher  purity. 

In  experiments,  magnesium  nitrate  hex- 
ahydrate was  dissolved  in  alcohol  and 
stirred  with  Si(OC2H 5)4 that  had  been  dilut- 
ed in  alcohol.  Water  was  added,  drop  by 
drop,  and  stirred  in  vigorously.  The  alcohol 
a^ed  as  a  mutual  solvent  for  Si(OC2H5)4 
and  water,  which  are  immiscible  with  each 
other.  A  clear,  homogeneous  solution  re- 
sulted. 

The  solution  was  allowed  to  stand  for 
gelling,  in  some  cases  at  room  tempera- 
ture and  in  other  cases  in  a  warm,  con- 
stant-temperature bath.  Gelation  took  sev- 
eral hours  to  many  days,  depending  on  the 
ratio  of  water  to  Si(OC2H^4,  the  concentra- 
tion of  magnesium,  and  the  temperature. 
The  gels  were  clear  and  monolithic  and 
cracked  into  smaller  pieces  when  dried  for 
several  days  at  room  temperature.  The 
dried  gels  were  then  sintered  into  glasses 
at  temperatures  up  to  1,200  °C. 

No  organic  groups  were  detected  in 
glasses  heated  to  800  °C,  but  infrared 
spectroscopy  showed  trace  amounts  of 
hydroxyl  groups  even  in  specimens  heated 


Mg(N03)2  •  6H20  +  C2H5OH 

+ 

Si(OC2H5)4  +  C2H5OH 

1 

Mix  and  St 

* 

ir 

Homogeneous  Solution 

1 

Slowly  Add  H20  With  Stirring 
(Hydrolysis  and  Polycondensation) 

Transparent  Gel 

1 

Thermal  Treatment 

(Removal  of  Volatiles  and  Decomposition 

of  Nitrate; 

Initial  Densification) 

* 

Porous  Gel 

Sinter 

Glass  or  Ceramic 

The  Synthesis  of  MgO/Si02  Glass  starts  with  the  mixing  of  magnesium  nitrate  hexahydrate 
with  silicon  tetraethoxide,  both  in  alcohol.  Water  is  added,  and  a  transparent  gel  forms.  Sub- 
sequent processing  converts  the  gel  into  a  glass. 


to  890  °C.  No  crystalline  phase  was  found 
in  x-ray  diffraction  of  samples  heated  to 
890  °C.  Alpha  quartz  was  identified  as  the 
crystalline  phase  in  gels  heated  to  950  °C. 
This  work  was  done  by  Narottam  P. 
Bansal  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-89905  [N87-23750],  Price  Code:  A02 


"Sol-Gel  Synthesis  of  MgO-Si02  Glass 
Compositions  Having  Stable  Liquid-Liquid 
Immiscibility. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LEW-14714/TN 
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Making  Submicron  CoSi2  Structures  on  Silicon  Substrates 

Submicron  epitaxial  single-crystal  lines  have  been 
fabricated  by  direct  electron-beam  exposure. 


An  experimental  fabrication  process 
makes  submicron-sized  structures  of  sin- 
gle-crystal metallic  CoSi2  on  silicon  sub- 
strates. When  fully  developed,  the  process 
may  be  used  to  make  fine  wires  or  dots  that 
exhibit  quantum  confinement  of  charge 
carriers.  The  lateral  dimensions  of  the 
structures  will  probably  have  to  be  tens  of 
nanometers  or  less.  Other  potential  appli- 
cations include  the  use  as  electron-beam 
resists  and  fabrication  of  submicron  gate 
electrodes  in  small  field-effect  transistors. 

The  process  (see  figure)  begins  with  the 
deposition  of  a  layer  of  amorphous  (that  is, 
noncrystalline)  Co:Si  (1 :2)  on  the  (111)  sur- 
face of  a  silicon  substrate  at  near  room 
temperature.  The  stoichiometric  ratio  of 
the  amorphous  deposit  is  essential  to  for- 
mation at  low  temperature  because  it  pre- 
vents the  formation  of  intermediate  silicide 
phases. 

An  electron  beam  is  focused  on  the  layer 
of  amorphous  Co:Si  (1 :2)  and  scanned 
across  it  as  necessary  to  define  the  struc- 
ture to  be  fabricated.  In  the  area(s)  struck 
by  the  electron  beam,  the  amorphous  Co: 
Si  is  crystallized,  becoming  single-crystal 
CoSi2. 

The  remaining  amorphous  Co:Si  is  then 
removed  selectively  by  a  suitable  etching 
technique.  For  example,  a  solution  of 
H FiHgO  (1 :9)  etches  Co:Si  (1 :2)  at  a  rate  of 
about  3  A/s,  while  it  etches  single-crystal 
Co:Si2  much  more  slowly.  This  degree  of 
selectivity  is  adequate  for  removal  of  the 
amorphous  Co:Si  without  adversely  affect- 
ing the  surviving  single-crystal  CoSi2. 

The  process  was  demonstrated  by  using 
a  300-keV,  10-jiA  electron  beam  from  a 


transmission  electron  microscope  to  make 
single-crystal  CoSi2  lines  300  nm  wide  from 
a  10-nm-thick  matrix  of  amorphous  Co:Si 
on  a  silicon  (111)  substrate.  The  crystallized 
regions  were  sharply  defined.  The  amor- 
phous Co:Si  remained  unchanged  only  10 
nm  away  from  the  electron  beam. 

These  results  suggest  that  selective 
crystallization  of  CoSi2  in  an  electron-beam 
lithography  system  should  be  possible. 
Allowing  for  the  8-nm  width  of  the  electron- 
beam  spot  and  for  a  10-nm-wide  border  on 
both  sides,  it  should  be  possible  to  make 
structures  that  have  lateral  dimensions  as 
small  as  28  nm.  In  contrast,  present 
electron-beam  lithography  with  resist 
technology  cannot  produce  features 
smaller  than  approximately  40  nm. 

By  the  use  of  CoSi2  structures  as  elec- 
tron-beam resists,  it  may  be  possible  to 
achieve  dimensions  smaller  than  those 
achievable  by  photoresist  techniques.  The 
patterned  CoSi2  could  be  used  as  a  mask 
to  etch  the  underlying  material.  Etching 
techniques  that  do  not  readily  attack  CoSi2 
would  again  be  required.  Techniques  suit- 
able for  this  purpose  may  include  plasma 
etching  in  CF4  and  chemical  etching  in  di- 
lute HF:H20  or  phosphoric  acid. 

777/s  work  was  done  by  Simon  K.  W. 
Nieh,  True-Lon  Lin,  and  Robert  W.  Fathauer 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA's  Resident  Office- 
JPL  Refer  to  NP0-17736/TN. 
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PMR  Resin  Compositions 
for  High  Temperatures 

One  composition  showed  no 
deterioration  in  mechanical 
properties  after  200  hours  at 
700°F(371°C). 

A  report  describes  experiments  to  iden- 
tify polymer  matrix  resins  suitable  for  mak- 
ing graphite-fiber  laminates  that  could  be 
used  at  700  °F  (371  °C)  in  such  applications 
as  aircraft  engines  to  achieve  higher 
thrust-to-weight  ratios  than  are  now  possi- 
ble. Two  particular  high-molecular-weight 
formulations  of  PMR  (polymerization  of 
monomer  reactants)  resins  appear  to  be 
the  most  promising. 

In  the  experiments,  neat  resin  moldings 
were  prepared  with  various  monomer  re- 
actants and  screened  for  thermo-oxidative 
stability  at  a  temperature  of  700  °F  (371  °C) 
in  air  under  both  ambient  pressure  and  4 
atmospheres  (0.4053  MPa)  of  pressure. 
i  The  resins  that  exhibited  the  best  overall 
balance  of  processability,  glass-transition 
temperature,  and  thermo-oxidative  stabili- 
ty were  used  to  prepare  unidirectional- 
graphite-fiber  laminates.  The  laminates 
were  evaluated  for  thermo-oxidative 


stability  and  mechanical  properties. 

Each  of  the  resins  contained  a  dimethyl 
ester  and  the  monomethyl  ester  of  5-nor- 
bornene-2,3-dicarboxylic  acid  (NE),  and 
some  resins  contained  one  or  two  dia- 
mines. The  stoichiometric  proportions  of 
the  reactants  used  in  each  resin  were 
n:(n  +  1):2,  where  n  =  the  number  of 
moles  of  dimethyl  ester,  n  + 1  =  the  num- 
ber of  moles  of  diamine,  and  the  number  of 
moles  of  NE  was  2.  The  formulated  molec- 
ular weights  (FMW's)  of  the  end-capped 
prepoiymers  prior  to  final  curing  of  the 
resin  ranged  from  1,270  to  7,500. 

The  formulation  of  the  most  promising 
resin,  designated  PMR-ll-30,  was  a  dimeth- 
yl ester  of  4,4'-(hexafluoroisopropylidene)- 
bis(phthalic  acid),  p-phenylenediamine, 
and  NE  in  the  mole  ratio  of  5:6:2.  After  an 
exposure  to  air  for  200  hours  at  a  tempera- 
ture of  700  °F  (371  °C)  and  a  pressure  of  4 
atm  (0.4053  MPa),  laminates  made  with 


this  resin  showed  no  decrease  in  interlami- 
nar  shear  strength  or  flexural  strength  and 
had  a  weight  loss  of  only  11  percent. 

In  general,  the  experiments  showed  that 
the  PMR  compositions  of  higher  FMW  ex- 
hibit enhanced  thermo-oxidative  stability. 
The  formation  of  high-quality  laminates 
with  these  compositions  requires  the  use 
of  curing  pressures  higher  than  those  suit- 
able for  the  compositions  of  lower  FMW. 

This  work  was  done  by  Raymond  D. 
Vannucci  of  Lewis  Research  Center. 
Further  information  may  be  found  in 
NASA  TM-88942  [N87-16071/NSP],  Price 
Code:  A02  "PMR  Polyimide  Composi- 
tions for  Improved  Performace  at  371  °C. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14658/TN 
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Rapid  Annealing  of 
Amorphous  Hydrogenated 
Carbon 

Effects  on  selected  optical 
properties  are  discussed. 

A  report  describes  experiments  to  de- 
termine the  effects  of  rapid  annealing  on 
films  of  amorphous  hydrogenated  carbon 
(a-C:H).  This  study  represents  some  of  the 
first  efforts  to  provide  information  for  appli- 
cations of  a-C:H  films  where  rapid  thermal 
processing  may  be  required. 

For  the  experiments,  a-C:H  films  were 
deposited  from  a  methane  plasma  onto 
quartz  and  silicon  substrates.  Each  of 
these  specimens  was  placed  in  a  rectan- 
gular quartz  annealing  chamber  5  in.  (12.7 
cm)  wide,  8.5  in.  (21.6  cm)  long,  and  1  in. 
(2.5  cm)  high  and  heated  rapidly  from  the 
top  and  the  bottom  by  a  bank  of  13 1.5-kW 
tungsten/halogen  lamps. 

The  specimens  were  mounted  on  a  sili- 
con wafer  coated  with  gold  and  tungsten  to 
speed  heating  through  enhanced  absorp- 
tion of  light  from  the  lamps.  Some  speci- 
mens were  mounted  with  the  film  side  up 
and  some  with  the  film  side  down.  The 
temperature  was  measured  by  a  thermo- 
couple attached  to  the  silicon  wafer,  and 
the  lamps  were  operated  under  control  of  a 
microprocessor  to  obtain  the  desired  vari- 
ation of  temperature  with  time.  Annealing 


temperatures  of  400  or  600  °C  were  main- 
tained for  various  intervals  from  20  s  to 
0.5  h. 

Annealed  and  unannealed  specimens 
on  quartz  substrates  were  examined  with 
an  ultraviolet-and-visible  absorption  spec- 
trometer. The  optical  band  gaps  of  these 
films  were  inferred  from  the  variations  of 
their  absorbencies  as  functions  of  the 
photon  energy.  Annealed  and  unannealed 
specimens  on  silicon  substrates  were  ex- 
amined with  a  rotating-analyzer  ellip- 
someter,  and  the  resulting  measurements 
were  used  to  infer  the  extinction  and  ab- 
sorption coefficients,  index  of  refraction, 
density-of-states  parameter,  thicknesses, 
and  optical  band  gaps  of  these  films. 

The  major  finding  is  that  annealing 
causes  an  abrupt  increase  in  the  absorp- 
tion and  a  concomitant  decrease  in  the  op- 
tical band  gap.  Most  of  the  change  occurs 
during  the  first  20  s,  though  it  continues 
during  longer  annealing  times.  The  extent 
of  the  change  increases  with  the  annealing 
temperature.  The  researchers  hypothe- 
size that  the  abrupt  initial  change  is  caused 
by  the  loss  of  hydrogen,  while  the  gradual 


subsequent  change  is  due  to  polymeriza- 
tion of  the  remaining  carbon  into  crystal- 
lites or  sheets  of  graphite. 

The  optical  band  gaps  of  unannealed 
specimens  on  silicon  substrates  were 
lower  than  those  of  specimens  on  quartz 
substrates.  Because  silicon  is  a  conductor 
while  quartz  is  an  insulator,  the  plasma 
above  the  substrates  during  fabrication  is 
believed  to  be  different,  leading  to  dif- 
ferences between  the  films,  including  the 
observed  differences  in  the  band  gaps. 

This  work  was  done  by  Samuel  A. 
Alterovitz,  John  J.  Pouch,  and  Joseph 
D.  Warner  of  Lewis  Research  Center. 
Further  information  may  be  found  in 
NASA  TM-89859  [N87-20821],  Price 
Code:  A02  "Rapid  Thermal  Annealing  of 
Amorphous  Hydrogeated  Carbon  (a-O.H) 
Films." 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14664/TN 
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R-Curve  Instability 
Calculations  of 
Crack  Growth 

In  some  cases, 
calculations  can  be  done 
on  pocket  calculators. 

A  report  discusses  the  use  of  the  insta- 
bility method  of  calculation  and  R-curve 
mathematical  models  to  analyze  the 
growth  of  cracks  in  fracture-mechanics 
specimens.  In  the  case  of  a  single  material 
and  structure,  such  an  analysis  is  some- 
times simple  enough  to  be  done  on  a  pock- 
et calculator.  Where  a  microcomputer  or 
larger  computer  is  available,  a  comprehen- 
sive program  can  include  libraries  of 
driving-force  equations  for  various  config- 
urations and  R-curve  mathematical  mod- 
els for  different  materials. 

The  R-curve  is  a  phenomenological  de- 
scription of  the  monotonic  fracture  process. 
It  is  a  plot  of  the  resistance  of  a  specimen  to 
the  growth  of  a  crack  versus  the  extension 
of  the  crack.  For  analysis  in  the  region  in 
which  instability  is  expected  (or  in  any  other 
region  of  interest),  any  of  a  variety  of 
mathematical  models  can  be  fitted  to  the 


data  on  the  R-curve  by  nonlinear  regres- 
sion analysis.  Representative  models  in- 
clude polynomials,  power  laws,  exponen- 
tials, inverted  hyperbolas,  arc  tangents, 
and  hyperbolic  tangents. 

In  the  instability  method,  one  requires 
that  both  the  magnitudes  and  the  slopes  of 
the  crack-driving-force  curve  and  the  re- 
sistance curve  of  the  specimen  be  equal  at 
the  point  of  instability.  The  author  describes 
instability  calculations  that  incorporate 
R-curve  models  of  elastic  behavior  and 
others  that  incorporate  R-curve  models  of 
elastoplastic  behavior.  These  R-curve 
models  are  fitted  to  plots  of  experimental 
data  on  crack-growth  resistance  versus 
crack  extension  in  aluminum  and  steel 
specimens. 

The  author  concludes  that  the  instability 
method  is  simple  and  effective  and  that  the 
model  equations  studied  are  all  viable  in 


the  sense  that  at  least  one  of  them  should 
fit  almost  any  applicable  set  of  crack- 
growth  data.  The  empirical  coefficients  of 
the  models  are  estimated  easily  from  plots 
of  the  raw  data.  In  combination,  the  meth- 
od and  models  constitute  powerful  mathe- 
matical tools  for  the  analysis  of  fractures. 

This  work  was  done  by  Thomas  W. 
Orange  of  Lewis  Research  Center.  Fur- 
ther information  may  be  found  in  NASA 
TM-100935  [N88-23278],  Price  Code: 
A03  "Method  and  Models  for  R-Cun/e  In- 
stability Calculations. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14841/TN 
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Research  in  Thermoelectric 
Materials 

Knowledge  of  microstructures 
is  necessary  for  further 
improvements. 

A  report  reviews  current  research  in  ther- 
moelectric materials  with  a  view  toward  the 
development  of  materials  of  greater  energy- 
conversion  efficiency.  These  suPstances 
are  generally  fine  polycrystalline  conglom- 
erates of  high-temperature  semiconduc- 
tors, formed  by  such  standard  ceramic- 
making  techniques  as  the  hot  pressing  of 
the  fine  powders  of  elemental  constituents 
or  prereacted  powders.  The  properties  de- 
pend on  the  constituents  and  the  fabrica- 
tion process,  which  affect  the  microstruc- 
ture.  The  emphasis  in  the  report  is  on  the 
effort  to  understand  and  manipulate  the 
microstructure  to  increase  the  thermo- 
electric figure  of  merit,  Z. 

The  thermoelectric  properties  of  three 
broad  categories  of  materials  are  dis- 
cussed. The  first  category  includes  the  al- 
loys of  group  IV  elements  like  silicon  and 
germanium,  which  have  large  energy  gaps, 
high  chemical  stability,  and  high,  melting 
temperatures  that  make  them  suitable  can- 
didates for  high-temperature  thermoelec- 
tric generation  of  power. 

Si/Ge  alloys  are  the  materials  of  choice 


for  operation  at  temperatures  up  to  1,300 
K.  The  suitable  heat  treatment  of  Si0  8Ge0  2 
doped  with  GaP  has  resulted  in  a  Z  as  high 
as  1  x10-3  K_1.  Analysis  of  the  micro- 
structure  has  shown  that  these  alloys  are 
quite  inhomogeneous  —  a  property  that 
may  be  essential  to  improved  perform- 
ance. 

The  second  category  is  the  rare-earth 
chalcogenides.  These  compounds  have 
the  general  chemical  formula  R3_x  X4 
(0<x<1/3)  and  the  crystalline  structure 
of  ThP4  and  are  important  thermoelectric 
materials  because  of  their  high  melting 
temperatures,  capabilities  for  self-doping, 
and  low  thermal  conductivities.  In  La 
Te4,  a  Z  as  high  as  1  x  10  ~3  K 
achieved.  The  optimum  Z  appears  to  occur 
at  x~0.2,  but  analysis  of  the  microstruc- 
ture shows  that  the  exact  value  of  x  cannot 
be  defined,  partly  because  of  the  presence 
of  La202Te.  Consequently,  a  reproducible, 
high-Z  material  cannot  be  made  until  con- 
tamination by  oxygen  can  be  controlled  or 
eliminated. 

The  third  category  includes  the  narrow- 


3-x 

1  has  been 


band  semiconductors,  especially  the  bo- 
ron carbides,  in  which  electrical  conduc- 
tion occurs  by  the  hopping  of  quasi-free 
charge  carriers  in  the  form  of  small  polar- 
ons.  The  boron  carbides  are  preferred  for 
operation  at  temperatures  up  to  2,000  K.  A 
p-type  Z  as  high  as  5  x  10  _  4  K~ 1  has  been 
achieved  at  a  temperature  of  ~1,200  K, 
with  the  promise  of  a  higher  Z  at  2,000  K. 
The  degree  of  microstructural  and  compo- 
sitional disorder  appears  to  influence  the 
thermoelectric  properties  strongly.  Know- 
ledge of  the  disorder  through  analysis  of 
the  microstructure  and  correlation  of  the 
foregoing  with  transport  properties  is  es- 
sential to  further  progress  with  the  boron 
carbides. 

This  work  was  done  by  Charles  Wood 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Materials  Problems  in  High 
Temperature  Thermoelectric  Energy  Con- 
version. " 
NPO-17403/TN 
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Reduction  of  Stresses  in  Growing  Silicon  Webs 

The  cooling  pattern  is  enhanced  by  a  simple  modification  of  the  susceptor  lid. 


Cutting  a  trench  in  a  susceptor  lid  (see 
figure)  allows  the  edges  of  a  growing  rib- 
bon of  silicon  to  cool  more  rapidly.  The 
edges  thus  cool  and  solidify  at  more  nearly 
the  same  rate  as  does  the  center  of  the  rib- 
bon, and  thermal  stress  in  the  ribbon  is  re- 
duced. Because  of  the  more-effective 
edge  cooling,  a  wider  ribbon  can  be  grown, 
and  it  can  be  withdrawn  at  a  faster  rate. 
The  productivity  of  a  dendritic-web  growth 
furnace  is  thereby  increased. 

In  the  previous  version,  the  susceptor  lid 
intercepted  a  greater  portion  of  the  heat  ra- 
diation from  the  solidifying  melt  at  the 
edges  of  the  ribbon  than  that  from  the  mid- 
dle of  the  ribbon.  The  edges  of  the  ribbon 
therefore  could  not  lose  heat  as  quickly  as 
the  middle  could,  and  the  resulting  con- 


cave upward  isotherm  in  the  ribbon  gave 
rise  to  undesirable  thermal  stresses.  Such 
stresses  can  cause  the  ribbon  to  buckle 
and  break,  thus  interrupting  growth  and  re- 
quiring a  new  startup.  Even  if  the  ribbon 
does  not  break,  the  stresses  can  be  incor- 
porated in  the  ribbon. 

With  the  trenched  lid,  the  radiation  from 
the  melt  is  still  intercepted,  as  it  should  be. 
However,  less  radiation  from  the  ribbon 
edges  is  intercepted.  As  a  result,  the  heat 
loss  across  the  ribbon  is  more  nearly  uni- 
form, and,  consequently,  thermal  stresses 
are  reduced. 

An  experimental  furnace  with  the  new 
lid  produced  about  80  percent  more  ma- 
terial per  unit  time  than  the  old  one  did.  The 
trenched  lid  enabled  the  growth  of  a  ribbon 


4.2  cm  wide,  whereas  ribbons  grown  with 
the  untrenched  lid  had  deformed  at  that 
width.  In  addition,  the  ribbon  grown  with 
the  new  lid  is  thinner  and  can  therefore  be 
used  more  efficiently  in  semiconductor  de- 
vices. A  trenched  lid  with  a  slot  to  accom- 
modate a  5.2-cm-wide  ribbon  is  under  con- 
struction. Eventually,  ribbons  6  to  7  cm 
wide  are  likely  to  be  grown  in  trenched 
slots. 

This  work  was  done  by  C.  S.  Duncan,  E. 
L  Kochka,  Paul  A.  Pitrowski  and  Ray  G. 
Seidensticker  of  Westinghouse  Electric 
Corp.  for  NASA's  Jet  Propulsion  Lab- 
oratory. NP0-17137/TN 
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The  New  Trenched  Lid  intercepts  less  of  the  radiation  from  the  edges  of  the  growing  silicon  ribbon,  giving  rise  to  faster  growth  and  a  tempera- 
ture distribution  that  results  in  lower  residual  stress. 
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Using  Inorganic  Crystals  To  Grow  Protein  Crystals 

Solid  materials  serve  as  nucleating  agents. 


Inorganic  crystals  can  be  used  as  nucle- 
ants  or  substrates  for  growing  protein  crys- 
tals. Inorganic  crystals  therefore  promise 
to  make  the  growth  of  protein  crystals 
more  easily  controllable,  more  reliable, 
and  more  reproducible.  Protein  crystals 
can  be  induced  by  heterogeneous  nuclea- 
tion  —  and  in  some  cases  by  epitaxy  —  to 
grow  at  lower  supersaturations  than  are 
needed  for  spontaneous  nucleation.  Het- 
erogeneous nucleation  may  make  it  possi- 
ble to  grow  large,  defect-free  single  crys- 
tals of  protein  more  readily.  Such  protein 
crystals  will  benefit  research  in  biochemis- 
try and  pharmacology. 

A  series  of  experiments  tested  the  ef- 
fects of  50  inorganic  crystalline  substrates 
on  the  growth  of  four  proteins  known  to 
crystallize  with  exceptional  reproducibility: 
chicken-egg  lysozyme,  jack-bean  canaval- 


in  and  concanavalin  B,  and  beef-liver  cata- 
lase.  The  inorganic  nucleants  were  select- 
ed from  a  large  collection  of  mineral  and 
synthetic  samples.  They  included  alkaline 
earth  fluorides,  feldspars,  zeolites,  and  mi- 
cas, and  compounds  of  transition-and 
heavy-metal  ions. 

The  proteins  differed  widely  in  sensitivity 
to  nucleants.  Canavalin  responded  to  at 
least  30  out  of  the  50  inorganic  materials 
tested,  while  lysozyme  nucleated  quickly 
with  only  9  nucleants  and  catalase  with  on- 
ly 7.  Usually  the  crystals  nucleated  by  par- 
ticles were  of  the  same  size,  form,  and 
quality  as  those  of  control  crystals  grown 
without  the  nucleants.  However,  anomal- 
ous forms  were  found:  For  example,  lyso- 
zyme grew  on  magnesium  oxide  cleav- 
ages as  spherulites  but  grew  epitaxially  on 
apophyllite  as  orthorhombic  crystals  (see 


Epitaxial  Growth  of  Lysozyme  crystal  on  a 
cleavage  of  apophyllite. 

figure). 

This  work  was  done  by  Paul  J.  Shlichta 
ofCaltech  and  Alexander  A.  McPherson 
of  the  University  of  California  for  NASA's 
Jet  Propulsion  Laboratory.  i 

NP0-17314/TN  " 
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Technology  Application 


Oak  Ridge  National  Laboratories 


Text  System  for  Erosion-Corrosion  Studies 


The  combination  of  erosion  and  corrosion  can 
cause  considerable  material  degradation  in 
systems  such  as  gas  turbines  and  coal 
conversion  systems.  For  that  reason,  many 
researchers  have  studied  these  problems. 
Conventionally,  this  research  has  been  carried  out 
in  two  ways. 

One  test  is  performed  with  a  gas  gun,  which 
directs  a  gas  stream  loaded  with  solids  onto  a 
target.  The  test  particles  are  about  the  size  of 
the  erosive  particles  in  systems  of  interest. 
However,  because  many  grams  and  even 
hundreds  of  grams  of  particles  strike  the  surface, 
only  cumulative  effects  are  measured;  little  or 
nothing  is  learned  about  the  response  of  the 
target  material  to  individual  impacts.  Another 
technique,  in  which  single  particles  are  used  to 
investigate  the  basic  deformation  response  of  the 
target,  employs  particles  considerably  larger  than 
those  found  in  the  systems  of  interest. 
Consequently,  it  is  not  clear  that  the  material 
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Fig.  1.  Schematic  drawing  of  the  currently  used 
erosive-particle  gun  (not  to  scale).  The  gun  is  fed  by  a 
gear-driven,  20-shot  rotary  magazine.  Each  chamber 
containing  a  projectile  ball  is  accompanied  by  an 
alignment  hole;  light  passing  through  the  alignment 
hole  from  a  light-emitting  diode  to  a  detector  indicates 
that  a  projectile  is  correctly  positioned  to  fire. 


behavior  observed  in  the  experiments  is 
characteristic  of  that  under  impacts  by  much 
smaller  particles. 

Researchers  in  ORNL's  Metals  and  Ceramics 
Division  have  constructed  a  system  that  permits 
studies  of  the  impact  effects  of  single  particles  of 
the  size  found  in  coal  conversion  systems. 
Furthermore,  the  test  samples  can  be  examined 
at  temperature  and  under  corrosive  conditions 
with  a  scanning  electron  microscope.  Erosion  and 
corrosion  studies  have  been  performed  separately 
with  this  device,  and  eventually  these  tests  will 
be  performed  simultaneously. 

The  experimental  system  combines  a 
commercially  available  scanning  electron 
microscope  (SEM)  with  a  gas-operated  gun 
(Fig.    1)  that  shoots  single  particles  at  a 
specimen  at  high  velocity  and  a  hot  stage  that 
heats  both  the  specimen  and  the  corrosive  test 
gas  and  directs  the  gas  onto  the  specimen.  The 
specimen  holder  and  hot  stage  can  be  rotated 
about  the  stationary  gun  so  that  the  angle  of 
impact  can  be  varied  from  10  to  90° 
(perpendicular  to  the  flight  path  of  the  projectile). 
To  rapidly  remove  both  the  propellant  gas  and 
the  corrosive  test  gas,  a  turbomolecular  pump 
supplements  the  SEM's  standard  pumping 
system.  A  custom-designed  photoelectric  velocity 
measurement  system,  built  into  the  barrel  of  the 
gun,  measures  the  velocity  of  the  projectile.  The 
velocity  measurements  can  be  used  to  relate 
momentum  or  kinetic  energy  values  to  the 
damage  caused  by  the  projectile  striking  its 
target. 

Two  commercially  available  measuring  devices, 
separate  from  the  test  assembly,  are  used  to 
evaluate  test  samples.  A  profilometer  is  used  to 
make  two-dimensional  scans  of  the  surfaces 
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(a) 


resulting  from  impacts  or  corrosion  (Fig.  2).  An 
ultralow-load  microindentation  apparatus 
measures  the  hardness  in  and  around  the  impact 
craters.  For  example,  indentation  tests  of  craters 
in  a  nickel-based  alloy  showed  that  the  bottom  of 
a  crater  was  generally  harder  than  the 
surrounding  unaffected  surface.  In  addition,  an 
image-enhancement  system  was  added  to  the 
imaging  electronics;  this  addition  enables  creation 
of  a  permanent  digital  record  of  images  and 


produces  images  with  greatly  reduced  noise 
levels. 


( 


lb) 


Fig.  2.  (a)  SEM  image  of  an  erosion  crater  formed  by 
the  impact  of  a  tungsten  carbide  ball  into  a  target 
sample  and  (b)  a  two-dimensional  profilometer  trace 
of  the  same  crater. 


J.  R.  Keiser,  Design,  Construction,  and  Initial  Results  for  an 
Erosion-Corrosion  Test  System,  ORNL/TM- 10049,  Oak 
Ridge  National  Laboratory  (May  1986). 


Additional  information: 


Office  of  Technology  Applications 

Oak  Ridge  National  Laboratory 

P.O.  Box  2008 

Oak  Ridge,  TN  37831  -6257 

(815)574-4192 


U.S.  Army  Fact  Sheet 


Reference  Radiographs  for  Aluminum  Welds 


A  report  has  been  prepared  by  Industrial  Quality,  Inc.,  de- 
scribing a  study  supported  by  the  U.S.  Army  to  collect  a  series  of 
radiographs  of  aluminum  welds  that  could  be  used  for  the  develop- 
ment of  radiographic  standards  for  those  alloys.  The  types  of 
defects  of  interest  were  lack  of  fusion,  inadequate  penetration, 
tungsten  inclusions,  slag  inclusions,  and  various  types  of  porosity. 
Seventy-four  government  and  industrial  sources  were  contacted  to 
obtain  original  copies  of  radiographs  of  various  types  of  defects  in 
aluminum  welds.  These  radiographs  were  then  organized  in  terms  of 
type  of  defect,  relative  severity,  alloy  type,  alloy  thickness,  and 
radiographic  technique  use.  It  is  hoped  that  the  data  bank  devel- 
oped during  this  study  can  be  expanded  in  the  future  and  that  it 
may  serve  ultimately  as  the  basis  for  the  preparation  of  standard 
procedures  for  radiographic  inspection  of  aluminum  alloy  welds. 

Several  thousand  radiographs  were  collected  during  the  in- 
vestigation. Photographic  copies  of  selected  radiographs  organized 
to  show  severity  of  various  types  of  defects  are  included  in  the 
cited  report.  Areas  described  in  those  radiographs  are  listed  in 
Table  1.  These  graded  radiographs  represent  defects  in  5000  and 
6000  alloys  in  material  ranging  in  thickness  from  0.375  to 
0.750  inch  (9.5  to  19  mm).  Originals  of  the  radiographs  used  in 
preparing  these  graded  series,  as  well  as  other  radiographs  assembled 
in  the  study,  were  turned  over  to  the  Army  Belvoir  Research  Devel- 
opment and  Engineering  Center. 


Table  1.  Graded  Reference  Radiographs  Included 
in  Reference  3 


Number  of 

Category 

Radiographs 

Comments 

Fine  scattered  porosity 

5 

Graded  set 

Coarse  scattered  porosity 

5 

Graded  set 

Linear  porosity 

5 

Graded  set 

Clustered  porosity 

3 

Graded  set 

Inadequate  penetration 

2 

Continuous;  interrupted 

Tungsten  inclusions 

2 

Localized  at  weld  start; 
distributed 

Cracks 

2 

Longitudinal;  transverse; 
lack  of  fusion 

Undercut 

1 

Longitudinal  groove 

FOR  ADDITIONAL  INFORMATION:  A  copy  of  the 
report  is  available  from  NTIS,  Springfield,  VA 
22161;      (703)487-4600. 

NTIS  order  number:    ADA  195594/NAC 

Price  code:   A03 
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Vacuum  Head  Checks  Foam/Substrate  Bonds 

Inspections  are  performed  quicklv  and  nondestructivelv. 


An  electromechanical  inspection  system 
quickly  gives  measurements  that  indicate 
the  adhesion,  or  the  lack  thereof,  between 
rigid  polyurethane  foam  and  an  aluminum 
substrate.  The  system  does  not  damage  the 
inspected  article,  is  easy  to  operate,  and 
can  be  used  to  perform  "go/no-go"  evalua- 
tions or  as  a  supplement  to  conventional 
destructive  pull-plug  testing. 

The  system  applies  a  vacuum  to  a  small 
area  of  the  foam  panel  and  measures  the 
distance  through  which  the  foam  is  pulled 
into  the  vacuum.  (The  rest  of  the  panel  re- 
mains at  atmospheric  pressure.) The  meas- 
urable deflection  is  greater  in  an  unbonded 
than  in  a  bonded  area,  and  the  magnitude 
of  deflection  that  signifies  a  failure  of  adhe- 
sion can  be  determined  on  specimens  of 
known  condition  for  subsequent  use  as  a 
"go/no-go"  criterion. 

The  system  consists  primarily  of  a  probe 
head  connected  through  wires  and  a  hose 
to  a  controller/monitor  unit  (see  figure).  The 
probe  head  is  a  transparent  cylindrical 
chamber  8V*  in.  (21.0  cm)  long  and  6  in. 
(15.2  cm)  in  diameter  that  applies  the 
vacuum  to  the  area  of  foam  to  be  tested.  A 
soft  rubber  seal  bonded  to  the  rim  of  the 
chamber  helps  to  maintain  the  vacuum.  A 
spring-mounted  linear  variable-differential 
transformer  (LVDT)  on  the  axis  of  the 
chamber  measures  the  deflection  of  the 
foam  during  a  test.  The  controller/monitor 
unit  contains  a  mechanical  pump  that 
evacuates  the  probe  head  through  the 
hose  and  a  digital  voltmeter  that  indicates 
the  displacement  of  the  LVDT. 

The  testing  procedure  is  simple.  The 
probe  head  is  positioned  on  the  specimen 
and  pumped  to  a  low  vacuum.  After  waiting 
about  15  s  for  the  specimen  to  stabilize,  the 
displacement  of  the  LVDT  is  recorded.  The 
probe  head  is  then  pumped  to  a  high  vacu- 
um, and  again  the  specimen  is  allowed  to 
stabilize  for  15  s  before  a  reading  is  taken 
with  the  LVDT.  The  difference  between  the 
LVDT  readings  is  the  measured  deflection 
to  be  compared  with  the  "standard"  value. 
The  ability  to  detect  flaws  via  this  measure- 
ment decreases  with  the  thickness  of  the 
foam. 


53*  Body  of 


SYSTEM  IN  USE  ON  FOAM  PANEL 

The  Probe  Head  Is  Applied  to  the  Specimen  and  evacuated  through  the  hose  to  the  control- 
ler/monitor unit.  The  digital  voltmeter  in  the  controller/monitor  unit  reads  the  deflection  of 
the  LVDT  in  the  probe  head. 

This  work  was  done  by  James  F.  Uoyd  of 
Martin  Marietta  Corp.  for  Marshall  Space 
Flight  Center.  MFS-28301/TN 
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Measuring  Mechanical 
Properties  of 
Optical  Glasses 

Several  tests  will  yield  data 
relevant  to  reliabilities  and 
lifetimes  under  stress. 

A  report  discusses  mechanical  tests 
that  measure  the  parameters  of  strength 
and  fracture  mechanics  of  optical  glasses. 
The  data  from  these  tests  will  be  used  to 
predict  the  reliabilities  and  lifetimes  of 
glass  optical  components  of  several  pro- 
posed spaceborne  instruments. 

The  inherent  brittleness  of  glass  leads  to 
a  large  variability  in  measured  strength  and 
to  a  dependence  of  strength  upon  time 
(static  fatigue).  The  rate  of  loading  also  af- 
fects the  strength.  Glass  that  supports 
loads  during  long  intervals  is  weaker  than 
glass  that  is  loaded  suddenly.  Expressing 
this  in  terms  of  fracture  mechanics,  the 
purpose  of  a  rapid-loading  test  is  to  cause 
the  glass  to  fail  before  significant  growth  of 
cracks  occurs.  However,  the  strength  de- 
creases with  a  decrease  in  the  rate  of 
loading,  pursuant  to  substantial  extension 
of  cracks.  These  properties  complicate  the 
structural  design  of  glass  components. 

Thus,  to  obtain  the  required  tables  of  me- 
chanical properties  of  each  glass  of  interest, 
both  initial-strength  and  delayed-fracture 
techniques  are  used.  The  modulus  of  rup- 
ture is  measured  by  the  well-known  four- 


point  bending  method.  The  initial  bending 
strength  is  measured  by  the  lesser-known 
double-ring  method,  in  which  a  disk  of 
glass  is  supported  on  one  face  near  its 
edge  by  a  larger  ring  and  pressed  on  its 
other  face  by  a  smaller  concentric  ring. 
This  method  maximizes  the  stress  near  the 
center,  making  it  more  likely  that  the  speci- 
men will  fracture  there,  and  thereby  sup- 
presses edge  effects. 

Fracture-mechanics  studies  generally  in- 
volve the  measurement  of  the  velocities  of 
propagation  of  cracks  as  functions  of  se- 
lected loads  and  parameters  of  the  envi- 
ronment (e.a,  temperature  and  humidity). 
Such  studies  are  often  directed  toward  the 
determination  of  stress-intensity  factors. 
The  crack-tip  stresses  that  cause  a  crack 
to  grow  are  directly  proportional  to  the 
stress-intensity  factor,  and  the  critical 
stress-intensity  factor  at  which  fracture  oc- 
curs is  usually  expected  to  be  a  parameter 
of  the  material  in  question. 

In  a  typical  delayed-fracture  study,  a 
specimen  that  contains  an  initial  crack  of 
known  length  is  stressed  in  a  double-canti- 
lever or  simple  three-point-bending  appa- 


ratus. The  stress-intensity  factor  is  deter- 
mined by  monitoring  the  growth  of  the 
crack  relative  to  a  controlled  load.  The  ad- 
vantages of  the  double-cantilever-beam 
technique  are  that  the  strain-energy-re- 
lease rate  is  independent  of  the  length  of 
the  crack  and  that  corrections  for  shear  or 
rotation  of  the  beam  are  unnecessary. 

For  a  more  complete  characterization 
of  properties  related  to  strength,  it  is  also 
desirable  to  obtain  data  on  the  distribution 
of  sizes  of  flaws.  Flaws  on  the  surface  of  a 
specimen  can  be  examined  by  electron  mi- 
croscopy of  a  replica  of  the  surface.  Thus 
far,  a  suitable  method  to  investigate  flaws 
within  the  specimen  has  not  been  select- 
ed. 

This  work  was  done  by  Dennis  S. 
Tucker  and  Ronald  L  Nichols  of  the 
University  of  Alabama  for  Marshall 
Space  Flight  Center.  "The  Development 
of  Test  Methodology  for  Testing  Glassy 
Materials." 
MFS-27206/TN 
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0096  Accurate  Analyses  of  Trace  Elements  in  Blood 

0097  Animal  Disease  and  Investigative  Laboratory 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


Accurate  Analyses  of  Trace  Elements  in  Blood 


The  concentrations  of  certain  trace  elements  in  blood  can  signal  the  onset  of  disease  in  humans  and 
animals.    Knowing  blood  levels  of  certain  elements  also  is  important  when  monitoring  nutrient 
amounts  in  intravenous  feeding.   To  assist  medical  professionals  in  making  accurate  measurements 
of  clinically  important  trace  elements  in  serum,  NIST  has  developed  a  standard  reference  material 
(SRM)  that  is  certified  for  its  concentration  of  13  trace  elements.   The  SRM  can  be  used  to  calibrate 
laboratory  instruments  or  to  evaluate  the  accuracy  of  methods  for  determining  trace  elements  in 
blood  serum,  plasma,  or  other  biological  fluids.    The  bottled  SRM  (Number  1598),  sold  frozen, 
contains  the  trace  elements  in  bovine  (cow)  serum,  which  is  similar  to  human  serum  and  can  be 
used  to  validate  human  blood  studies. 

FOR  ADDITIONAL  INFORMATION:  The  SRM  is  available  for  $216  plus  shipping  from  the  Office  of 
Standard  Reference  Materials,  NIST,  B311  Chemistry  Bldg.,  Gaithersburg,  Md.  20899; 
(301)975-6776. 
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NIH 


Federal  Laboratory  Resource 


Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service    National  Institutes  of  Health 


Animal  Disease  and  Investigative  Laboratory 


Principal  Investigator: 
Norman  H.  Altman,  V.M.D. 

University  of  Miami  School  of  Medicine 

Department  of  Pathology 

Division  of  Comparative  Pathology  (R-46) 

Miami,  Florida  33101 

(305)  547-6594 


Resources  •  Diagnostic  Services:  This  laboratory  is  staffed 

Provided  t0  Prov'c'e  general  competence  in  gross  and 

microscopic  pathology,  clinical  chemistry,  hem- 
atology, radioimmunoassay,  microbiology,  para- 
sitology, and  serology  in  support  of  animals 
used  in  biomedical  research  programs.  Special- 
ized techniques  such  as  viral  isolation,  immuno- 
peroxidase,  and  electron  microscopy  are  also 
available.  Diagnostic  resources  are  designed 
primarily  to  serve  the  grantee  and  affiliated  insti- 
tutions. However,  with  approval  of  the  principal 
investigator,  they  are  available  for  collaborative 
studies  in  investigating  laboratory  animal  dis- 
ease problems  at  other  institutions. 
•  Contact  Person:  Norman  H.  Altman,  V.M.D. , 
(305)  547-6594. 


Research 
Emphasis  or 
Application 


•  Basic  Objectives:  To  maintain  the  quality  of 
research  animals  through  control  and  diagnosis 
of  diseases  in  the  animal  research  facilities  of 
the  University  of  Miami.  To  recognize  and  define 
abnormal  physiological  conditions  and  dis- 
eases of  laboratory  animals  that  may  serve  as 
models  for  human  disease. 

•  Current  Research:  Investigation  of  lactic 
dehydrogenase  virus  (LDV)  in  mice  in  order  to 
develop  a  sensitive  diagnostic  test.  Additional 
studies  will  focus  on  the  pathogenesis  of  the 
disease  and  its  implications  for  biomedical 
research  programs.  Murine  serology  panels  are 
being  investigated  to  determine  more  cost- 
effective  methods  to  diagnose  viral  infections. 
Studies  on  mucosal  mast  cells  help  define  the 
role  of  these  cells  in  naturally  occurring  animal 
diseases.  Herpesvirus  retinitis  studies  focus  on 
local  as  well  as  systemic  immunological 
changes. 
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Brain  Tissue  Resource  Center 


The  Brain  Tissue  Resource  Cen- 
ter at  McLean  Hospital  in  Bel- 
mont, Massachusetts,  was  es- 
tablished in  1978  to  collect  and 
distribute  postmortem  brain 
tissue  specimens  for  research  on 
psychiatric  and  neurological  dis- 
orders. Brain  tissue  has  been 
donated  from  more  than  1,600 
people,  including  normal  peo- 
ple and  patients  with  Tourette's 
syndrome,  Huntington's  dis- 
ease, schizophrenia,  manic- 
depressive  disorders,  dystonia, 
Alzheimer's  disease,  and 
autism. 

The  Center,  commonly  called 
the  Brain  Bank,  was  founded 
and  is  still  directed  by  Dr. 
Edward  D.  Bird,  professor  of 
neuropathology  at  Harvard 
Medical  School,  Boston.  In  his 
early  studies  in  England,  Dr. 
Bird  discovered  the  deficiency 
of  the  enzyme  that  makes 
gamma-aminobutyric  acid, 
which  has  become  the  estab- 
lished biochemical  hallmark  of 
Huntington's  disease.  This  find- 
ing led  to  the  study  of  other 
chemical  substances  in  the  brain 
that  are  altered  in  Huntington's 
disease. 

About  200  brains  are  donated 
each  year,  and  since  1978  more 
than  16,400  specimens  have 
been  shipped  to  investigators. 
Dr.  Bird  explains  that  having  a 
centralized  resource  to  provide 
uniformly  handled,  properly 
identified  tissue  samples  for 
diagnostic  and  other  studies 
helps  eliminate  some  of  the  dis- 
crepancies possible  in  such 
studies  and  makes  the  results 
more  comparable.  Tissues  are 
available  to  investigators  world- 
wide and  their  studies  have 
resulted  in  significant  research 
advances  in  Alzheimer's  and 

Dr.  Edward  D.  Bird,  professor  of 
neuropathology  at  Harvard 
Medical  School,  unpacks  a  brain 
specimen  that  has  just  arrived  at 
the  Brain  Tissue  Resource 
Center.  Dr.  Bird  founded  the 
Center  in  1978  and  serves  as  its 
director. 


Parkinson's  diseases,  as  well  as 
Huntington's  disease,  schizo- 
phrenia, Tourette's  syndrome, 
dystonia,  and  even  rarer  dis- 
eases, he  reports. 

Dr.  Bird  says  that  his  greatest 
satisfaction  comes  from  helping 
researchers  acquire  tissues  that 
are  relatively  hard  to  get  and 
that  could  not  otherwise  be 
obtained  quickly.  The  Brain 
Bank  "can  help  researchers  do 
their  studies  in  Vu>  to  V:o  the  time 
needed  if  they  had  to  get  the 
tissues  themselves.  Also,  if 
human  brain  tissue  were  not 
available,  we'd  all  still  be  work- 
ing only  with  animal  tissue — 
and  the  point  of  the  research  is 
to  treat  people,  to  work  on 
human  disorders,"  he  says. 


More  than  300  papers  have 
been  published  on  studies  of 
tissue  furnished  by  the  Brain 
Bank — including  the  simul- 
taneous reports  by  three  sepa- 
rate groups  that  identified  the 
gene  responsible  for  amyloid 
accumulation  in  Alzheimer's 
disease. 

One  investigator  using  Brain 
Bank  specimens  is  studying  the 
distribution  of  nerve  fibers  that 
contain  dopamine  in  the  brains 
of  schizophrenic  patients  and, 
in  a  separate  study,  is  using 
immunohistochemical  tech- 
niques to  try  to  locate  the  gene 
that  codes  for  neuropeptides 
associated  with  the  activity  of 
dopamine. 

In  studies  of  the  neuroana- 
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A  research  assistant  at  the  Brain 
Tissue  Resource  Center  dissects 
frozen  brain  tissue  that  will 
eventually  be  used  in  biomedical 
analyses  of  different  chemicals 
in  the  brain.  The  Center  collects 
and  distributes  postmortem 
brain  tissue  specimens  for 
neuropsychiatric  research. 


tomy  of  the  brain,  investigators 
using  Brain  Bank  tissue  have 
found  that  brains  of  schizo- 
phrenic patients  show  structural 
changes  in  discrete  areas.  Fu- 
ture studies  are  planned  to  de- 
termine if  these  differences  are 
present  at  birth,  develop  as 
schizophrenia  progresses,  or 
result  from  long-term  antipsy- 
chotic medication.  Neuroana- 
tomical  studies  and  biochemical 
analyses  by  two  other  groups  of 
investigators  have  demon- 
strated alterations  in  specific 
dopamine  receptors  that  appear 
related  to  both  Huntington's 
disease  and  schizophrenia. 
These  findings  suggest  an  ana- 
tomical basis  for  psychotic 
symptoms  and  may  help  ex- 
plain why  tardive  dyskinesia 
develops  as  a  side  effect  of  cer- 
tain antipsychotic  medications. 

In  studies  by  other  investiga- 
tors using  Brain  Bank  tissue, 
microscopic  analysis  of  autistic 
brains  has  revealed  a  marked 
difference  in  both  number  and 
distribution  of  nerve  fiber's  in 
specific  regions  of  the  brain. 
The  severity  of  symptoms  ap- 
pears to  correlate  directly  with 
the  extent  of  the  anatomical 
abnormality,  Dr.  Bird  says. 

Physicians  and  other  inves- 


tigators who  want  to  obtain 
tissue  from  the  Brain  Bank 
should  submit  a  written  request 
stating  what  type  of  tissue  they 
need  and  what  it  will  be  used 
for.  The  request  should  also 
specify  the  amount  of  tissue 
needed,  the  type  of  disease 
(Huntington's,  schizophrenia, 
etc.),  and  any  restrictions  such 
as  same  sex  or  age.  The  inves- 
tigator pays  the  shipping 
charges  for  any  tissue  received. 

Prospective  donors,  family 
members,  or  physicians  can  call 
the  Brain  Bank's  24-hour  tele- 
phone number  to  receive  donor 
cards  and  directions  on  how  to 
arrange  for  donations.  The 
Brain  Bank  has  protocols  to 
send  to  the  donor's  physician  or 
psychiatrist  (and  the  hospital's 
pathologist)  that  give  full  in- 
structions for  removal,  preser- 
vation, and  shipping  of  the 
brain. 

Neuropathologists  at  the 
Brain  Bank  study  the  brain  after 
it  has  been  received  and  report 
their  results  back  to  the  pa- 
tient's physician.  If  the  original 
diagnosis  is  not  confirmed,  this 
can  affect  the  donor's  family,  as 
in  the  case  of  a  patient  thought 
to  be  schizophrenic  who  was 
found  on  postmortem  examina- 


tion to  have  Huntington's  dis- 
ease. 

Dr.  Bird  explains  that  dona- 
tions cannot  be  accepted  from 
patients  with  highly  contagious 
or  neurologically  transmitted 
disease  or  who  were  on  a  respi- 
rator at  the  time  of  death.  (Kid- 
ney and  liver  donors  are  often 
on  respirators  at  the  time  of 
death  so  many  people  who 
donate  those  organs  cannot  also 
donate  their  brains.) 

The  Brain  Bank,  which  is 
funded  by  the  National  Institute 
for  Neurological  and  Commu- 
nicative Disorders  and  Stroke 
and  the  National  Institute  on 
Mental  Health  as  well  as  private 
donations,  is  tax-exempt  and 
nonprofit.  It  neither  collects  fees 
from  researchers  who  use  the 
tissues  nor  charges  families  for 
the  costs  of  shipping  donated 
tissue. 


For  more  information  about  the 
Brain  Bank  or  to  arrange  dona- 
tions or  request  tissue,  please 
contact: 

The  Brain  Tissue  Resource 
Center 

McLean  Hospital 
115  Mill  Street 
Belmont,  Massachusetts - 
02178-9983 

Telephone:  (617)  855-2400 
If  no  answer,  (617)  855-2000 

For  Additional  Information: 

To  locate  information  or  professional  contacts 
on  this  effort,  contact: 

Research  Resources  Information  Center 
1601  Research  Boulevard 
Rockville,  MD  20850 
(301)  984-2870 


NIH 


Federal  Laboratory  Resource 


Research  &  Technology 

U.S.  Department  of  Health  and  Human  Services    Public  Health  Service   National  Institutes  of  Health 


Primate  Supply  Information  Clearinghouse 

Project  Manager: 
Jackie  Pritchard,  Ph.D. 

Regional  Primate  Research  Center,  SJ-50 
University  of  Washington 
Seattle,  Washington  98195 
(206)  543-4376 


Resources  •  Services:  The  clearinghouse  matches 

Provided  research  needs  for  nonhuman  primates  and  pri- 

mate materials  such  as  blood  samples,  tissues, 
and  cadavers,  with  resources  available  from 
other  institutions.  Any  needs  and  availabilities 
that  are  not  immediately  matched  are  published 
in  New  Listings — Primate  Supply  Information 
Clearinghouse.  The  clearinghouse  also  has  a 
data  bank  on  colonies  and  other  possible 
sources  of  primates  and  primate  materials  to 
which  notices  of  availability  and  need  can  be 
referred. 

•  Contact  Person:  Jackie  Pritchard,  Ph.D.,  (206) 
543-4376. 


Research 
Emphasis  or 
Application 


•  Basic  Objectives:  To  promote  conservation  of 
nonhuman  primates  by  reducing  laboratory 
demand  on  wild  populations.  To  make  the  best 
possible  use  of  available  research  primates  in 
the  United  States  by  facilitating  the  sequenced 
use  of  nonhuman  primates  in  biomedical 
research  and  to  effect  speedier  communication 
between  users.  Investigators  and  colony  man- 
agers are  invited  to  list  their  animals  available 
for  transfer  or  to  be  shared  and  to  consult  the 
clearinghouse  regarding  availability  of  animals, 
etc.,  for  new  projects. 

•  Application  of  Service:  The  service  is  avail- 
able without  charge  to  government-supported 
researchers  and  to  other  scientists  in  the  United 
States  using  primates  in  their  work.  Services 
except  New  Listings  are  also  available  to  scien- 
tists in  other  countries. 
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Research  Animal  Diagnostic  Laboratory 


Principal  Investigator: 
James  G.  Fox,  D.V.M. 

Massachusetts  Institute  of  Technology 
77  Massachusetts  Avenue 
Cambridge,  Massachusetts  02139 
(617)253-1757 

Coprincipal  Investigator: 
James  C.  Murphy,  D.V.M.,  Ph.D. 


Resources  •  Diagnostic  Services:  This  laboratory  is  staffed 

Provided  t0  Prov'cle  general  competence  in  gross  and 

microscopic  pathology,  microbiology,  parasitol- 
ogy, clinical  chemistry,  hematology,  and  diag- 
nostic virology.  Diagnostic  resources  are 
designed  primarily  to  serve  the  grantee  and 
affiliated  institutions.  However,  with  approval  by 
the  principal  investigator,  they  are  available  for 
collaboration  in  investigating  laboratory  animal 
disease  problems. 

•  Contact  Person:  James  G.  Fox,  D.V.M. ,  (617) 
253-1757. 


Research 
Emphasis  or 
Application 


•  Basic  Objectives:  To  maintain  the  quality  of 
research  animals  through  control  and  diagnosis 
of  diseases  within  research  animal  facilities  at 
the  Massachusetts  Institute  of  Technology  and 
other  animal  research  facilities  in  the  greater 
Boston  area.  To  recognize  and  define  abnormal 
physiologic  conditions  and  comparative  dis- 
eases that  may  be  of  interest  to  biomedical 
researchers. 

•  Current  Research:  Characterization  of  the 
biology  and  medicine  of  the  ferret  (Mustela 
putorius  furo):  Campylobacter  spp.  and  their 
role  in  enteric  disease  in  laboratory  animals; 
pathogenesis  of  campylobacteriosis  in  humans 
and  animals;  role  of  Campylobacter-Wke  orga- 
nisms in  proliferative  bowel  disease;  role  of  clos- 
tridial toxins  in  development  of  enteropathy  in 
rabbits;  pathogenesis  of  minute  virus  of  mice 
(MVM)  and  Aleutian  disease  in  ferrets;  develop- 
ment of  an  animal  model  for  Campylobacter 
pylori-associated  gastric  disease.  Study  of 
reconstructive  stomach  surgery  and  its  relation- 
ship to  gastric  carcinoma. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


X-Ray  Method  Removes  AIDS  Virus  from  Evidence 

Researchers  at  NIST,  working  with  the  Federal  Bureau  of  Investigation  and  the  National  Cancer 
Institute,  have  tested  an  x-ray  technique  that  wipes  out  the  AIDS  virus  on  criminal  evidence 
without  destroying  important  biological  components.    Workers  in  crime  laboratories  face  a 
potential  risk  of  accidental  AIDS  infection  from  exposure  to  criminal  evidence  -  bloodstained 
clothing,  for  example  -  that  may  contain  body  fluids  contaminated  with  the  AIDS  virus.    Though 
steam  sterilization  and  related  procedures  can  effectively  inactivate  the  virus,  these  methods  also 
can  destroy  important  biological  components,  lessening  or  even  canceling  the  value  of  the  samples 
as  criminal  evidence.    The  researchers  used  an  industrial  radiographic  instrument  to  produce  the 
x-rays  and  bombarded  virus-tainted  samples  with  varying  intensities  of  x-ray  radiation  to 
determine  the  smallest  amount  needed  to  inactive  the  AIDS  virus  at  the  lowest  detectable 
concentration  of  the  virus.    They  arrived  at  a  dose  that  is  about  25,000  times  larger  than  a  typical 
chest  x-ray  but  concluded  that  higher  viral  concentrations  would  require  even  larger  radiation 
doses.   The  FBI  is  incorporating  the  new  technique  into  its  forensic  labs,  and  other  law  enforcement 
agencies  will  likely  follow  suit. 

FOR  ADDITIONAL  INFORMATION:   Media  Contact  is  John  Henkel,  (301)975-2762.  To  discuss  these 
efforts  further,  contact  Jimmy  Humphreys,  Radiation  Physics  Building,  Room  C214,  National 
Institute  of  Standards  &  Technology,  Gaithersburg,  MD  20899;  (301)975-5582. 
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Effects  of  Vibrations  on 
Grasp  Control 

Vibration  can  be  a  powerful 
and  specific  stimulus  to  low- 
level  reflex  behavior. 

A  report  describes  experiments  on  the 
interactions  between  human  operators 
and  a  hand  control  device  for  the  control  of 
the  extent  of  opening  and  the  gripping 
force  of  a  remote  gripper.  The  major  pur- 
pose of  this  study  was  to  determine  the  ef- 
fects of  vibrations  in  the  device  upon  the 
ability  of  the  operators  to  control  the  grip- 
ping force. 

The  control  device  includes  a  force-and- 
position-reflecting  trigger  mechanism  in  a 
housing  that  fits  comfortably  in  the  opera- 
tor's hand.  The  opening  of  the  jaws  of  the 
gripper  is  fed  back  to  the  operator's  hand 
via  the  position  of  the  trigger.  The  position 
feedback  is  provided  by  a  dc  motor,  lead- 
screw  drive,  and  servoelectronics  and 
computer  programs.  The  gripping  force  is 
fed  back  to  the  operator's  hand  by  a  mech- 
anism that  tilts  the  trigger  proportionally. 
The  control  signal  is  the  force  applied  by 
the  operator's  finger  to  the  trigger.  This 
force  is  measured  by  a  strain-gauge 


bridge,  digitized,  and  sent  to  the  control 
system  of  the  gripper  motor. 

The  experiments  measured  two  charac- 
teristics: the  ability  of  each  operator  to 
maintain  a  constant  gripping  force  and  the 
ability  of  the  operator  to  produce  a  speci- 
fied force  as  quickly  as  possible  in  re- 
sponse to  a  flashing  light.  The  operator 
viewed  a  bar-height  display  of  the  gripping 
force.  To  characterize  the  dynamic  per- 
formance, the  experimenters  measured 
the  rise  times  and  overshoots  of  the  opera- 
tor's responses.  Measurements  were 
taken  with  and  without  superimposing  vi- 
brations on  the  trigger  via  the  force-reflect- 
ing mechanism. 

The  experiments  revealed  biomechani- 
cal  cross  coupling  between  the  force- 
reflecting  tilt  of  the  trigger  and  the  control- 
force  sensor  through  the  operator.  For 
some  operators,  this  cross-coupling  result- 
ed in  oscillations  at  a  frequency  of  about 
1.3  Hz.  The  oscillations  were  suppressed 


when  the  force-reflecting  gain  was  re- 
duced to  less  than  half  its  full-scale  value. 

The  experiments  also  revealed  a  slow- 
ing of  the  dynamic  force-tracking  response 
when  vibrations  at  a  frequency  of  ~300  Hz 
were  included  in  the  position  feedback  of 
the  trigger.  These  vibrations  provoked  a  re- 
flexive short-term  extension  of  the  finger. 
Although  the  extension  was  reduced  in  ex- 
perienced subjects,  it  remains  a  significant 
property  of  the  grasping  behavior  of 
humans.  While  this  phenomenon  may  be 
detrimental  to  the  rapid  application  of  force 
commands,  it  could  be  used  beneficially  in 
the  design  of  controls  to  provide  warning 
signals  that  would  prevent  operators  from 
commanding  excessive  (or  perhaps  insuf- 
ficient) forces. 

This  work  was  done  by  Blake  Hanna- 
ford  and  William  H.  Rosar  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
NPO-17698/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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To  Be 

Encapsulated 


Capsules 


The  Experimental  Apparatus  for  Making  Capsules  is  simple.  The  pressurized  liquid  is 
sprayed  through  a  nozzle.  The  surfaces  of  the  droplets  thus  formed  harden  in  the  petri  dish. 


Microencapsulation  of  Living  Cells 

Walls  selectively  pass  molecules,  keeping  out  harmful  substances. 

In  an  experimental  technique,  living 
cells  and  other  biological  materials  can  be 
encapsulated  within  submillimeter-diame- 
ter  liquid-filled  spheres.  The  sphere  materi- 
al is  biocompatible,  tough,  and  compliant. 
It  is  semipermeable,  permitting  relatively 
small  molecules  to  move  into  and  out  of  the 
sphere  core  but  preventing  the  passage  of 
large  molecules. 

A  promising  application  for  the  tech- 
nique would  be  in  the  treatment  of  dia- 
betes. In  diabetes  patients,  the  islets  of 
Langerhans  can  no  longer  generate  insu- 
lin. In  principle,  diabetes  could  be  correct- 
ed by  injecting  the  islets  from  another 
source,  such  as  human  donors  or  pigs,  for 
example,  but  the  human  immune  system 
would  destroy  the  foreign  cells.  If,  however, 
replacement  islet  cells  were  encapsulated 
in  the  semipermeable  spheres,  insulin 
could  readily  pass  from  the  cores,  and  nu- 
trients could  pass  into  them.  At  the  same 
time,  antibodies,  which  are  large,  would  be 
kept  out  of  the  cores  so  that  the  cells  are 
protected  from  the  immune  system  of  the 
host  and  could  live  indefinitely  in  the  body. 

The  new  technique  promises  to  make 
such  spherical  capsules  at  high  rates  and 
in  uniform,  controllable  sizes.  The  capsules 
could  be  injected  into  a  patient  through  an 
ordinary  hypodermic  needle.  It  might  also 
be  used  to  encapsulate  pituitary  cells  and 
thyroid  hormone  adrenocortical  cells  for 
treatment  of  other  hormonal  disorders,  to 
encapsulate  other  secreting  cells  for  trans- 
plantation, and  to  package  a  variety  of 
pharmaceutical  products  and  agricultural 
chemicals  for  controlled  release. 

The  cells  to  be  encapsulated  are  sus- 
pended in  a  solution  of  sodium  alginate, 
and  the  liquid  mixture  is  forced  through  a 
fine  orifice,  forming  a  jet  (see  figure).  The 
jet  spontaneously  breaks  up  into  droplets. 
To  ensure  that  the  droplets  are  uniform  in 
size,  the  jet  is  vibrated  at  a  frequency 


chosen  to  overwhelm  random  fluctuations 
that  would  lead  to  a  dispersion  of  sizes.  The 
droplets  fall  into  a  shallow  container  of 
Chitosan  (or  equivalent)  solution,  which 
solidifies  the  surfaces  of  the  droplets,  form- 
ing a  strong,  tough  skin.  (Chitosan  is  a  prod- 
uct of  deacetylation  of  chitin  and  resem- 
bles cellulose  structurally  except  that 
some  of  the  hydroxyl  groups  have  been  re- 
placed by  amine  groups.) 

The  diameter  of  the  droplets  is  deter- 
mined by  the  diameter  of  the  orifice,  the 
speed  of  the  jet,  and  the  frequency  of  the 
vibration.  At  a  speed  of  a  few  hundred  cen- 
timeters per  second,  capsules  of  300-um 
diameter  are  produced.  One  jet  can  gener- 
ate several  thousand  capsules  per  second. 

This  work  was  done  by  Manchium 
Chang,  James  M.  Kendall,  and  Taylor  G. 
Wang  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburq,  MP  20899 

Exploring  Earth's  Formation 


How  did  the  Earth  evolve  from  its  beginnings  billions  of  years 
ago  to  the  present?  Where  do  deposits  of  precious  metals 
come  from?  How  much  of  the  Earth's  makeup  is  from  extra- 
terrestrial sources?  Researchers  are  helping  to  answer  these 
questions  with  a  custom-made  chemical  measurement  system 
used  to  make  unprecedented  analyses  of  rocks  and  meteorites. 


At  the  heart  of  the  system, 
developed  by  NIST  chemist  Jack 
D.  Fassett  and  Richard  J.  Walker, 
a  geochemist  for  the  United 
States  Geological  Survey  (USGS), 
lies  a  powerful  technique  known 
as  resonance  ionization  mass 
spectrometry  (RIMS).  Among 
other  things,  RIMS  enables  scien- 
tists to  measure  rhenium  and 
osmium,  two  difficult-to-detect  ele- 
ments found  in  the  Earth's  rocks. 

Based  on  the  abundance  of 
the  two  elements  in  Earth  sam- 


ples, scientists  can  accurately  de- 
termine the  age  of  rocks  and 
learn  much  about  the  history  of  a 
rock  sample. 

Rhenium  and  Osmium's  Role 

Because  rhenium  and  osmium 
are  present  only  in  minute  quanti- 
ties in  rock  samples — lower  than 
parts  per  billion  in  most  cases — 
and  because  these  elements  can-, 
not  be  measured  accurately  by 
traditional  methods,  the  re- 
searchers have  tailored  the  RIMS 


Richard  J.  Walker  prepares  to  analyze  a  rock  sample. 


technique  to  serve  these  geologi- 
cal purposes. 

The  key  to  much  of  the  RIMS 
research  is  measurement  of  spe- 
cific atoms — isotopes — of  the  two 
elements.  The  isotope  rhenium- 
187  (Re-187)  gradually  decays 
over  time  and  becomes  the  iso- 
tope osmium-187  (Os-187).  As 
time  progresses,  Re-187  concen- 
tration decreases  while  Os-187  in- 
creases. In  a  given  rock  sample, 
the  ratios  of  both  isotopes  to  a 
stable  (unchanging)  reference  iso- 
tope such  as  Os-186  corre- 
sponds to  a  specific  period  of 
time.  By  plotting  isotopic  ratios  of 
the  two  elements  on  a  graph, 
scientists  can  calculate  the  age 
of  a  rock  sample. 

There  are  other  isotopic 
methods  for  studying  and  dating 
rocks.  These  are  valuable,  but 
they  yield  different  information 
about  samples  than  the  Re/Os 
system.  Ideally,  scientists  can 
glean  the  most  information  from 
rock  studies  by  using  several  iso- 
topic techniques  in  unison. 

"It's  another  weapon  in  the  ar- 
senal," says  Walker  about  the 
Re/Os  method.  "Because 
rhenium  and  osmium  can  date 
rocks  that  other  systems  can't, 
such  as  those  with  high  concen- 
trations of  platinum  group  ele- 
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merits,  they  open  up  a  whole 
range  of  new  possibilities." 

Practical  Applications 

Walker,  along  with  colleagues 
from  USGS  and  the  Carnegie  In- 
stitution of  Washington,  recently 
used  the  Re/Os  technique  in  a 
study  of  rock  samples  from  Mon- 
tana's Stillwater  Complex.  This 
site  contains  a  rich  deposit  of  plat- 
inum concentrated  in  a  thin  layer. 
Scientists  wanted  to  know  why 
the  metal  had  congregated  in 
such  a  small  band.  The  Re/Os 
method  was  called  on  because  of 
its  special  abilities  to  provide  in- 
formation about  platinum  and  re- 
lated metals.  Employing  RIMS 
analyses  of  Re  and  Os  isotopes, 
along  with  other  independent 
methods,  the  study  confirmed  ear- 
lier work  that  a  geological  phe- 
nomenon known  as  "magma 
mixing"  had  occurred.  That  is, 
two  geochemically  distinct  mag- 
mas— molten  rock  from  within  the 
Earth — blended  together  nearly 
3  billion  years  ago,  causing  the 
platinum  deposit  to  form. 

Besides  being  important  to  ge- 
ologists charting  the  Earth's  his- 
tory, the  Stillwater  study  provides 
valuable  information  that  can  help 
locate  similar  platinum  deposits. 

Measuring  Re  and  Os  with 
RIMS  has  proven  itself  in  other  in- 
stances as  well: 

■  A  study  in  India  showed 
that  the  movement  of  water  mobi- 
lized certain  components  of  very 
old  crustal  rocks,  creating 
deposits  of  gold. 

■  In  Ontario,  Canada,  Walker 
and  collaborators  affirmed  other 
studies  showing  that  a  significant 
amount  of  noble  metals  in  the 
Earth's  mantle  was  added  to  the 
Earth  from  extraterrestrial  sources 


following  core  formation  3.9  to  4.5 
billion  years  ago. 

How  RIMS  Works 

The  RIMS  technique  is  actually  a 
marriage  of  laser  technology  and 
the  traditional  chemical  analysis 
method  of  mass  spectrometry.  By 
nature,  RIMS  is  ideal  for  analyz- 
ing Re  and  Os.  Conventional  tech- 
niques cannot  accurately  deter- 
mine Re  and  Os  concentration. 
This  is  because  these  two  ele- 
ments are  in  such  small  amounts 
in  most  samples  that  they  are 
hard  to  measure  and  because  of 
"isobaric  interference,"  a  chemis- 
try gremlin  that  throws  off  an 
analysis  by  making  the  concentra- 
tion of  one  element  appear  to  be 
part  of  a  chemically  similar  ele- 
ment's concentration. 

A  RIMS  analysis  begins  by  il- 
luminating a  purified  sample  with 
laser  light  tuned  to  an  element's 
"resonance"  frequency,  or  the 
wavelength  at  which  photons 
prompt  a  given  element  to  ionize. 
This  prepares  the  sample  for 
analysis  in  the  mass  spectrome- 
ter. Since  only  one  element  has 
been  ionized,  the  instrument  can 
selectively  analyze  the  concentra- 
tion of  this  element  with  great 
sensitivity,  allowing  minute  con- 
centrations to  be  detected  and 
eliminating  the  isobaric  interfer- 
ences of  other  techniques.  To 
measure  a  second  element,  scien- 
tists need  only  to  tune  the  laser  to 
the  resonance  frequency  of  that 
element,  then  measure  it  in  the 
mass  spectrometer. 

For  some  time,  the  RIMS  in- 
strument at  NIST  has  been  the 
only  one  of  its  kind  used  in  this 
way,  but  the  idea  is  catching  on. 
For  example,  scientists  at  the 
Carnegie  Institution  of  Washing- 
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ton  are  building  their  own  RIMS  in- 
strument for  their  work  in  studying 
the  Earth's  geological  history. 
Others  will  likely  follow  suit. 

What  Lies  Ahead 

NIST  researchers  are  exploring 
other  ways  to  use  the  instrument. 
One  of  the  most  promising  is  in 
semiconductor  evaluation,  where 
RIMS  has  been  used  to  detect  im- 
purities that  can  cause  degrada- 
tion or  even  the  costly  scrapping 
of  a  semiconductor  device.  One 
element,  vanadium,  can  fatally 
contaminate  the  thin  films  that 
coat  semiconductors  at  levels  as 
low  as  parts  per  trillion.  The  RIMS 
technique  is  especially  sensitive 
to  measuring  vanadium  at  these 
levels,  and  NIST  scientists  have 
successfully  used  RIMS  to  ana- 
lyze vanadium  impurities  in 
sample  materials. 

Another  potential  use  is  certify- 
ing the  Standard  Reference  Mate- 
rials (SRM's)  NIST  sells  to  labora- 
tories to  assist  in  calibrating  in- 
struments and  evaluating  analyti- 
cal techniques.  RIMS  has  been  | 
used  to  measure  elements  in 
these  materials  that  other 
methods  can't  accurately  gauge. 
RIMS  was  used  effectively  to 
certify  the  concentration  of  iodine 
and  vanadium  in  an  SRM  for  oys- 
ter tissue  samples. 

As  scientists  at  NIST  continue 
to  produce  data  for  Earth 
samples,  semiconductors,  and 
other  specimens  with  RIMS,  more 
ways  to  use  the  technique  will 
likely  surface.  As  Fassett  says: 
"This  method  started  as  an  experi- 
ment, now  it  is  a  workhorse — a 
day  in,  day  out  analytical  tool  that 
is  very  reliable  and  has  many 
potential  applications." 


FOR  ADDITIONAL  INFORMATION:  A  copy  of  the  report  is  available  from  NTIS,  Springfield,  VA  g 

22161;      (703)487-4600.  ' 


':;.:;;.  J:::;:;;;1;:.::  !v^;;:;:^::E-:::::>:::;:>;:!-;:i:L-!^:^-::V:::::::;:::;-.V  J '^Ti"---  V. ' ."  ~:  ' 


■,'""  ■""■] 


.:■..■    .  ■     ./■■.  ■■..■.   :':■;■   ■:.■■■  ;■■.■    .■  ;  ■.■.-.■■■■.■.■  :■:■:  .  :■.■■  :  :■:■:■ ■■;::■.  .■■.:■■■.         .  .-... 

;:\^v:vX'^v;;^.^;;;v:aiviv;';;v;v;;.-,v;-:v-';  :\ 


. .    ■  ..■■.■■.■-...■■. 


Technology  Application 


Sandia  National  Laboratory 


New  "Sponge"  Theory  Explains  Volcanic  Eruption 
Behaviors 


Scientists  at  Sandia  National  Laboratories  believe  they  may  have  learned  why  volcanoes  erupt 
violently  at  some  times  but  not  others  -  even  when  they  are  charged  with  the  same  type  of  molten 
rock. 

Their  theory  suggests  that  magma  (molten  rock)  acts  like  a  sponge  that  can  leak  gas  as  it  rises 
toward  the  surface.    Fractured  rocks  in  the  volcanic  vent,  created  by  explosive  eruptions,  allow  gas 
to  escape  from  the  magma  sponge.  This  causes  a  switch  to  less  violent,  lava-type  eruptions. 

Developed  by  geologists,  geochemists,  and  fluid  mechanics  experts  at  Sandia,  the  theory  offers  an 
alternative  to  earlier  explanations  involving  vapor-poor  and  vapor-rich  zones  in  volcano's  magma 
chamber. 

"This  changes  the  way  we  think  about  magma  chambers  and  suggests  magmas  may  be  more 
uniformly  gas  rich  and  not  as  zoned  as  we  thought  before,"  explains  John  C.  Eichelberger,  a 
geologist  in  Sandia's  Geochemistry  Division.  "It  also  suggests  there  may  be  some  important  shallow 
processes  going  on  in  eruptions  that  we  really  hadn't  thought  about." 

Because  silica  molecules  tend  to  chain  together  in  silica-rich  magmas  (65-75%  silica),  they 
drastically  increase  the  resistance  to  flow,  or  viscosity.    A  silica-rich  magma  can  be  up  to 
100,000  times  thicker  or  more  viscous  than  basalt  magma  (40-50%  silica). 

These  extremely  thick  magmas  behave  in  a  remarkable  range  of  ways  when  they  reach  the  surface, 
where  the  pressures  containing  them  are  much  lower.    Catastrophic  explosions,  like  the  eruption  at 
Mount  St.  Helens,  can  rain  ash  and  debris  over  thousands  of  square  miles,  causing  death  and  massive 
destruction.   In  other  cases,  magma  (in  the  same  volcano)  may  flow  through  a  vent  tube  and  ooze 
lava  in  less  spectacular  surface  flows.   Such  quiet  eruptions  often  follow  violent  ones.   At  Mount  St. 
Helens,  eruptions  since  the  first  violent  ones  in  May  1980  have  built  a  lava  dome  1,000  feet  high. 

In  the  past  decade,  with  the  help  of  the  Department  of  Energy-funded  Continental  Scientific  Drilling 
Program,  scientists  have  begun  to  develop  a  better  understanding  of  how  different  types  of 
eruptions  are  controlled  by  physical  and  chemical  processes. 

The  theory  in  brief:    As  magma  rises  toward  the  surface  it  froths  and  turns  to  pumice,  a  light 
material  filled  with  interconnected  gas  bubbles,  like  a  sponge.    The  bubbles'  connections  permit  the 
gas  to  escape  freely  under  the  right  conditions.    In  a  violent  eruption,  the  first  magma  to  reach  the 
surface  has  passed  through  dense,  gas-tight  rock.  The  gas  in  the  magma  cannot  escape.   It  arrives  at 
the  surface  under  high  pressure  and  blows  the  magma  apart.   The  violent  explosion  creates  a 
funnel-shaped  opening  at  the  surface,  many  hundreds  of  feet  wide  and  deep.  This  opening  collects 
fall-back  debris  from  the  eruption.    This  rubble  fills  the  vent,  through  which  subsequent  magma 
must  pass.   The  new  environment  of  porous  rubble  is  like  a  sand  pile.    It  keeps  pressure  on  the 
magma,  but  it  lets  the  trapped  gas  leak  away  before  the  magma  reaches  the  surface.  This  de-gassing 
relieves  the  pressure  and  eliminates  the  potential  for  explosions  at  the  surface.    By  releasing  gas 
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trapped  in  the  magma  the  eruption  becomes  an  effusive  event,  flowing  onto  the  landscape  as  lava 
instead  of  exploding.  £ 

Prior  explanations  of  violent  behavior  centered  on  the  influence  of  water  vapor  and  other  volatile 
gases  in  the  upper  zone  of  a  volcanoes  magma  chamber,  deep  beneath  the  earth.  These  trapped  gases 
expand  as  the  magma  is  forced  into  lower  pressure  regions  near  the  surface,  causing  explosions. 
Then  drier  magma  from  deeper  in  the  chamber  would  erupt  quietly  as  lava. 

The  Sandia  theory,  developed  by  Eichelberger  and  Charles  R.  Carrigan,  of  Sandia's  Geophysics 
Division,  adds  a  physical  dimension  to  this  explanation. 

Because  the  silica-rich  magma  is  thicker  than  other  magmas,  bubbles  can't  rise  out  of  it  and  escape 
like  bubbles  in  a  soft  drink.  If  the  bubbles  don't  escape  and  the  gas  remains  trapped,  magma  with  as 
little  as  three  percent  gas  will  expand  several  hundred  times  in  volume  when  it  reaches  the  surface. 
This  releases  an  explosive  cloud  of  fine  ash  particles  and  gas,  Carrigan  explains. 

A  detailed  study  of  the  600-year-old  Obsidian  Dome  volcano  in  California's  Long  Valley  helped  in 
the  development  of  the  new  model.   Drilling  data  from  three  holes  revealed  a  magma  tube  within  a 
broader  vent  structure.    The  vent  structure  contains  broken  wall  rocks  and  other  fall-back  debris 
from  the  volcano's  initial  explosive  eruption.   The  volcano's  dome  was  built  of  obsidian  lava  that 
flowed  out  of  the  vent  during  a  period  of  several  weeks. 

Chemical  studies  by  Henry  R.  Westrich  and  Harlan  W.  Stockman  of  Sandia's  Geochemistry  Division 
showed  that  the  same  magma  caused  both  the  dome-building  episode  and  the  earlier  explosive 
eruption.    But  the  material  that  built  the  dome  somehow  lost  most  of  its  gas  content  before  it 
reached  the  surface. 

Eichelberger  and  Carrigan  explained  this  loss  with  a  model  showing  that  as  bubbles  grow  during  the       f 
magma's  ascent,  interconnection  occurs.  This  is  the  sponge  effect.  As  bubbles  connect,  the  gas  is 
able  to  flow  out  of  the  system  when  it  encounters  the  sand  pile  environment  of  the  fragmented  rock 
in  the  vent  funnel,  much  like  water  is  squeezed  out  of  a  sponge.  Once  the  gas  escapes,  the  magma 
sponge  collapses  to  form  obsidian  lava. 

FOR  ADDITIONAL  INFORMATION:   Public  Information  Division,  Code  3161,  Department  of  Energy, 
Sandia  National   Laboratories,  Albquerque,   NM   87185-5800;  (505)844-4207. 
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Multiple-Vortex-Ring 
Model  of  a  Microburst 

Data  from  a  wind-shear 
incident  support  a 
two-ring  model. 

A  report  discusses  a  multiple-vortex-ring 
mathematical  model  of  a  microburst,  which 
is  a  strong  downdraft  that  induces  an 
outflow  of  strong  winds  near  the  ground. 
This  low-altitude  wind-shear  phenomenon 
is  a  topic  of  continuing  study  because  of  its 
effect  on  the  safety  of  flight. 

The  model  was  developed  in  conjunc- 
tion with  information  from  a  severe  wind 
shear  encountered  in  August,  1985  at 
Dallas-Fort  Worth  airport.  Data  on  instan- 
taneous winds  along  flight  paths  were  ob- 
tained from  digital  flight-data  recorders  on 
two  airplanes:  Delta  Airlines  Flight  191, 
which  penetrated  a  microburst  during  its 
landing  approach  and  crashed;  and  Ameri- 
can Airlines  Flight  539,  which  made  a  go- 
around  and  penetrated  the  same  micro- 
burst  at  an  altitude  of  2,500  ft  (762  m). 

For  each  vortex  ring  in  the  model,  there 
is  an  image  ring  below  the  ground  to  make 


the  ground  a  stream  surface.  The  poten- 
tial-flow basis  of  the  model  is  composed  of 
time-invariant  vortex-ring  filaments  embed- 
ded in  irrotational  flow.  The  viscous  core  of 
each  vortex  ring  is  modeled  by  distributing 
the  vorticity  radially  outward  from  the  fila- 
ment by  a  small  distance  relative  to  the  di- 
ameter of  the  ring. 

The  velocity  induced  by  each  vortex  ring 
is  calculated  by  evaluating  an  algebraic  ex- 
pression representing  the  derivatives  of  its 
stream  function.  The  velocity  at  any  posi- 
tion in  the  flow  field  is  the  sum  of  the  veloci- 
ties induced  at  that  position  by  all  the  rings, 
including  the  image  rings.  This  sum  of  ve- 
locities is  multiplied  by  the  velocity-damp- 
ing factor,  which  is  used  to  model  the  visc- 
ous cores  of  the  rings. 

The  model  was  verified  by  matching  its 
predicted  winds  with  the  winds  recon- 
structed from  the  data  from  Flight  539.  A 


modified  Newton-Raphson  technique  was 
used  to  estimate  the  sizes  and  strengths  of 
the  vortex  rings.  The  parameters  identified 
in  this  manner  indicate  a  ring  with  a  radius 
of  8,500  ft  (2.6  km)  and  another  ring  with  a 
radius  of  1,700  ft  (0.5  km).  These  parame- 
ters, when  used  in  the  multiple-vortex-ring 
model,  provide  a  realistic  microburst  wind 
field  that  can  be  used  in  simulations  and  in 
studies  of  control  systems. 

This  work  was  done  by  Thomas  A. 
Schultz  of  Ames  Research  Center.  Fur- 
ther information  may  be  found  in  AIM 
paper  A88-22511,  "A  Multiple-Vortex-Ring 
Model  of  the  DFW  Microburst." 

Copies  may  be  purchased  [prepayment 
required]  from  AIAA  Technical  Information 
Services  Library,  555  West  57th  Street, 
New  York,  New  York  10019,  Telephone 
No.  (212)  247-6500.      ARC-12219 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division  PO  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Physical  Sciences 


01 07  Magnet  Field  Controller  (Licensing  Opportunity) 

01 08  Two-Way  Time  Transfers  by  Satellite 

01 09  Calculating  Response  of  a  Tunable-Diode-Laser  Spectrometer — The 
response  function  is  calculated  from  measurements  by  an  iterative 
deconvolution  procedure. 

01 1 0  Equation  of  State  with  Temperature  Effects  for  Solids — Behavior  at  high 
temperature  is  predicted  from  only  four  parameters. 

01 1 1  Exponential  Finite-Difference  Technique — Various  partial  differential 
equations  are  solved  numerically. 

Testing  &  Instrumentation 

0112  Simultaneous  In-Flight  Measurement  of  Particle  Size,  Velocity  and 
Temperature  Instrument  (Licensing  Opportunity) 

01 13  Optical  Interferometric  Micrometrology — Resolutions  in  the  angstrom 
and  subangstrom  range  are  sought  for  atomic-scale  surface  probes. 


Other  Items  of  Interest 

0048    Calculating  Obscuration  Ratios  of  Contaminated  Surfaces — Equations 
for  the  calculation  of  an  index  of  cleanliness  are  derived. 

0091     Using  Inorganic  Crystals  to  Grow  Protein  Crystals— Solid  materials 
serve  as  nucleating  agents. 


Licensing 
Opportunity 


Technology  Application 


Idaho  National  Engineering  Laboratory 


Magnet  Field  Controller 


Scanning  on  a  mass  spectrometer  may  be  done  by  varying  the  electromagnetic  field  of  a  large 
magnet.   Standard  technology  is  based  on  ac  circuitry  which  requires  bulky  and  expensive 
modulation  and  filtering  techniques.    This  invention  uses  a  dc  chopper  stabilized  operational 
amplifier  to  simplify  the  design  and  reduce  costs.    In  addition,  an  innovative  steady-state  current 
source  provides  a  galvanically  isolated,  thermally  stabilized,  nearly  drift  free  bias  source  for  the 
Hall-effect  sensor.    The  adjustable  current  source  provides  maximum  Hall  probe  sensitivity.    The 
controller  is  designed  with  the  required  gain  and  frequency  compensation  circuitry  to  allow 
tailoring  the  controller  to  a  variety  of  magnet  control  systems.    It  has  the  capability  to  interface  to 
a  computer-controlled  data  system  to  provide  automated  scanning  of  the  spectrum. 

The  dc  circuitry  has  the  potential  to  simplify  control  design,  reduce  cost,  and  interface  with 
computer-controlled  data  systems  to  provide  automated  scanning  of  spectra. 

FOR  ADDITIONAL  INFORMATION:  Contact  Robert  R.  Campbell,  Idaho  National  Engineering 
Laboratory,  P.O.  Box  4000,  Idaho  Falls,  ID  83403  (208)526-0997.     Refer  to  DOE/INEL- 

047/TN. 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

(Formerly  the  National  Bureau  of  Standards) 

U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899  ( 

Two-Way  Time  Transfers  by  Satellite 


The  use  of  geostationary,  commercial  communication  satellites  is  a  cost-effective  way  of  comparing 
or  synchronizing  distant  clocks  at  the  highest  levels  of  precision  and  accuracy.  Equipment  costs  are 
low,  satellite  space  is  abundant,  and  data  reduction  is  simple.  For  about  $100  per  week  in  satellite 
lease  charges,  a  precision  of  0.5  nanosecond  is  obtainable.  Three  recent  technical  papers  authored 
or  coauthored  by  NIST  scientists  discuss  the  fundamentals  of  two-way  time  time  transfers,  time 
transfers  between  North  America  and  Europe,  and  NIST-U.S.  Naval  Observatory  experience  in  two- 
way  time  transfer  over  approximately  2  years. 

FOR  ADDITIONAL  INFORMATION:  For  copies  of  these  papers,  contact  Jo  Emery,  NIST,  Division  104, 
Boulder,  Colo.  80303;  telephone:     (303)497-3237. 
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Calculating  Response  of  a 

Tunable-Diode-Laser 

Spectrometer 

The  response  function  is 
calculated  from  measure- 
ments by  an  iterative 
deconvolution  procedure. 

A  report  describes  measurements  made 
with  a  tunable-diode-laser  spectrometer 
and  the  processing  of  the  measurement 
data  to  calculate  the  response  function, 
which  characterizes  the  component  of 
broadening  in  the  measured  spectral 
peaks  due  to  the  spectrometer  itself.  This 
broadening  results  from  instabilities  in  the 
diode-laser  output  frequency.  By  use  of  a 
procedure  developed  to  enhance  the 
resolution  of  spectra  and  described  in  a 
previous  publication,  the  response  func- 
tion is  deconvolved  from  the  spectral 
measurements.  The  procedure  is  fast  and 
simple  enough  to  be  used  to  make  routine 
corrections  for  broadening  in  diode-laser 
spectrometers. 

In  the  experiments,  two  tunable-diode 
stripe-geometry  lasers  in  a  cold  head  on  a 
vibration-isolation  mount  were  used  to 
cover  the  spectral  regions  around  wave- 
lengths of  5.8  and  7.5  ^m.  Rotational/vibra- 
tional  absorption  spectra  of  CH4  and  HN03 
were  measured  in  two  ways:  averaging  of 
multiple  scans  by  the  sweep  integration 
technique  and  by  a  lock-in  amplifier 
coupled  to  an  x-y  chart  recorder  for  con- 
ventional phase-sensitive  detection.  Pres- 
sures were  kept  in  the  range  of  10  to  50 
mtorr  (1.3  to  6.7  Pa)  to  minimize  pressure 
broadening  and  were  adjusted  to  yield  ab- 
sorptances  of  10  to  40  percent  at  the  cen- 


ters of  the  rotational/vibrational  peaks.  A 
relative-frequency  scale  was  provided  by 
recording  the  pattern  of  interference 
fringes  from  a  solid  7.62-cm  Ge  etalon.  The 
relative  positions  of  the  spectral  peaks  of 
CH4,  which  are  known  to  within  a  wave 
number  of  10-4  cm-1,  were  used  to  con- 
firm the  free  spectral  range  (0.01 6  cm  -1)  of 
the  etalon. 

The  measured  (broadened)  absorption 
spectrum  AJy)  is  given  by 

—  oo 

where  v  and  v'  are  frequencies  or  wave 
numbers,  At  is  the  true  absorption  spec- 
trum of  the  gas,  and  R(v  -  v')  is  the  desired 
time-independent  response  function  of  the 
spectrometer.  Because  a  reference  gas 
(CH4  or  HN03)  of  known  spectral  charac- 
teristics is  used,  one  can  calculate  Af(v') 
from  the  known  absorption  lines  and  the 
Doppler-broadening  function  for  the  wave- 
length of  the  line  and  the  temperature  and 
molecular  weight  of  the  gas. 

The  algorithm  for  the  deconvolution  of 
the  response  function  from  the  measure- 
ments involves  sampling  at  15  to  25  points 
over  the  half  width  at  half  maximum  of  an 
absorption  peak.  Typically,  averaging  the 
data  from  512  sweeps  proved  sufficient  to 
yield  a  signal-to-noise  ratio  of  ~400.  The 


signal-to-noise  ratio  was  limited  to  ~500  by 
the  9-bit  resolution  of  the  signal  averager. 
Smoothing-filter  subalgorithms  were  ap- 
plied to  the  data  before  and  during  decon- 
volution to  suppress  high-frequency  noise. 

The  response  functions  calculated  for 
various  laser  modes  had  half  widths  at  half 
maximums  ranging  from  25  to  35  MHz  and 
had  shapes  ranging  from  Gaussian  to 
roughly  trapezoidal.  A  Gaussian  shape 
would  be  expected  where  the  broadening 
is  due  to  random  phenomena  like  acousti- 
cal vibrations  or  noise  in  the  diode  current. 
In  the  absence  of  such  broadening  mecha- 
nisms, the  output  frequency  spectrum  of 
the  tunable-diode  laser  would  be  expected 
to  be  Lorentzian,  with  a  width  1  to  2  orders 
of  magnitude  below  the  widths  observed. 
In  this  case,  the  broadening  was  attributed 
to  noise  in  the  diode  current,  caused  in  part 
by  electromagnetic  interference  from  near- 
by laboratory  equipment  and  by  acoustical 
shocks  associated  with  the  piston  move- 
ment in  the  closed-cycle  cooler. 

This  work  was  done  by  Randy  D.  May 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  "Response  Function  of  a 
Tunable  Diode  Laser  Spectrometer  From 
an  Iterative  Deconvolution  Procedure." 
NPO-173757TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Equation  of  State  With  Temperature  Effects  for  Solids 

Behavior  at  high  temperature  is  predicted  from  only  four  parameters. 


Equations  have  been  derived  to  express 
the  thermodynamical  properties  of  com- 
pressed solids  at  high  temperatures.  The 
new  equations  are  based  on  fundamental 
considerations  of  thermodynamics,  the  iso- 
thermal equation  of  state  discussed  in  the 
preceding  article,  and  the  assumption  that 
the  thermal  pressure  is  independent  of  vol- 
ume and  varies  linearly  with  temperature 
near  and  about  the  Debye  temperature. 
Using  only  four  parameters  (three  of  which 
are  those  of  the  isothermal  equation  of 
state),  the  new  equations  describe  the  ther- 
modynamic behavior  of  a  material  over  a 
range  of  temperatures  from  approximately 
its  Debye  temperature  to  its  melting  point. 

The  four  parameters  are  measured  at  a 
reference  temperature  TR  near  the  Debye 
temperature.  They  are  (1)  the  isothermal 
bulk  modulus  Bn  at  zero  pressure,  (2)  the 
quantity  n0  =  (3I2)[{3  B/d  P)T  -1]  with  the 
derivative  evaluated  at  zercFpressure,  (3) 
the  volume  V0at  zero  pressure,  and  (4)  the 
coefficient  of  thermal  expansion  a0at  zero 
pressure.  Then  the  pressure  P,  isothermal 
bulk  modulus  B,  and  isothermal  derivative 
of  bulk  modulus  with  respect  to  pressure 
3  B/d  P  at  relative  size  X  are  given  by 

p(t,x)  =  3ej(i  -xyx2] 

exp[r,0(1-X)]  +  aoeo(7--7-fl), 

B(T,X)  =  (S^^  +  ^-DX-noX2] 
exp[n0(l-X)],and 

ff    (7iX)  =  [4  +  (3n0-1)X  +  r,0(n0 
-1)X2-r,2x3]/  [3[2  +  (r)o-1)X-r)oX2]] 


where  X  =  (V/V^3.  An  equation  for  the 
temperature  dependence  of  the  coeffi- 
cient of  thermal  expansion  at  zero  pres- 
sure can  also  be  derived  by  setting  P(T,X) 
=  0  and  solving  for  X[7). 

These  equations  agreed  well  with  exper- 
imental data  on  the  pressures,  volumes, 
and  bulk  moduli  of  gold,  sodium  chloride, 
and  xenon  at  various  temperatures.  Even 
the  nonlinear  variation  of  the  thermal  ex- 
pansion with  temperature  is  well  approxi- 
mated by  the  values  derived  from  the  gen- 
eralized equation  of  state  (see  figure): 
previously,  the  thermal  expansion  had 
been  difficult  to  predict  over  a  wide  range 
of  temperatures. 

This  work  was  done  by  Pascal  Vinetand 
John  Ferrante  of  Lewis  Research  Center, 
John  R.  Smith  of  General  Motors  Corp., 
and  James  H.  Rose  of  the  Ames  Labora- 
tory of  the  United  States  Department  of 
Energy.  Further  information  may  be 
found  in  NASA  TM-87321 
[N86-28776/NSP],  Price  Code:  A03 
"Temperature  Effects  on  the  Universal 
Equation  of  State  of  Solids. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling  (800) 
336-4700.  LEW-14616/TN 
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The  Coefficient  of  Thermal  Expansion  of 
Xenon  relative  to  the  size  at  the  reference 
temperature  T„  is  closely  approximated  by 
values  deriveafrom  the  universal  equation 
of  state. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Exponential  Finite- 
Difference  Technique 

Various  partial  differential 
equations  are  solved 
numerically. 

A  report  discusses  the  use  of  an  explicit 
exponential  finite-difference  technique  to 
solve  various  diffusion-type  partial  differen- 
tial equations.  Previously,  the  technique 
was  applied  only  to  transient-heat-transfer 
problems  in  one  dimensional  Cartesian  co- 
ordinates. This  study  extends  the  tech- 
nique to  transient-heat-transfer  problems 
in  one  dimensional  cylindrical  coordinates 
and  two  and  three  dimensional  Cartesian 
coordinates  and  to  some  nonlinear  prob- 
lems in  one  or  two  Cartesian  coordinates. 

As  an  application  of  the  finite  difference 
technique,  the  linear,  two-dimensional 
Cartesian,  transient,  diffusion-type  equa- 
tion for  temperature  in  an  isotropic  medi- 
um is  treated  by  the  classical  method  of 
separation  of  dependent  variables.  The 
separated-variable  ratio  that  contains  the 
temporal  derivative  leads  immediately  to 
the  expression  of  the  transient  effect  in  a 
multiplicative  exponential  term  in  time.  The 
separated-variable  ratio  that  contains  the 
partial  spatial  second  derivatives  is  approx- 
imated by  a  finite-difference  term  for  the 
temperatures  at  four  adjacent  grid  points 
at  one  time  step. 

The  two  separated-variable  ratios  are 
equated  to  the  exponential  time  parameter 
and  thus  combined  to  obtain  the  single  ex- 
plicit, finite-difference  expression  for  the 
temperature  at  the  next  time  step: 


where  T  =  temperature,  the  superscripts 
denote  the  time  steps,  the  subscripts  de- 
note the  grid  points,  M»  is  the  four-grid- 
point,  finite-difference  form  of  the  sepa- 
rated-variable ratio  for  the  Laplacian  of 
temperature  at  the  nth  time  step,  and  Q  is  a 
dimensionless  time  parameter  that  com- 
bines the  effects  of  the  diffusivity  and  the 
grid  spacing.  The  time  step  can  be  divided 
into  m  + 1  subintervals  to  improve  the  con- 
vergence of  the  solution  by  writing 


n+p/{m  +  -\)-. 


^n+^ 


=  T°exp{QMij} 


r;+1  =  ^exp{[Q/(m+1)]2:^ 

p  =  0 

The  equations  obtained  in  an  analysis  of 
the  cylindrical  problem  are  similar,  except 
that  Mjj  is  reduced  to  the  one-dimensional 
form  Mj  and  contains  a  radial-expansion 
term. 

The  time  step  and  grid  spacing  must  be 
made  small  enough  to  assure  numerical 
stability.  The  divergence  or  convergence  of 
the  solution  is  easily  expressed  in  terms  of 
the  growth  of  the  exponential  at  each  step, 
and,  as  a  result,  the  criteria  for  stability  are 
conveniently  expressed  as  conditions  on 
Mj  or  M^,  or  on  the  size  of  the  dimension- 
less  time  subinterval  Ql(m  + 1). 

Boundary  and  initial  conditions  are 
treated  in  a  straightforward  manner  by 
suitable  numbering  of  grid  points  and  sub- 
stitutions of  known  temperature  values  into 
the  expressions  for  M"  and  Mjl  Where  a 


flux  of  heat  is  specified  at  a  boundary,  the 
use  of  that  specified  difference  of  tempera- 
ture across  the  boundary  that  determines 
the  specified  flux  must  be  used. 

The  nonlinear  cases  considered  in  this 
study  are  the  viscous  Burger's  equation 
and  the  steady-state  equation  for  bounda- 
ry-layer flow  over  a  flat  plate.  In  both  cases, 
the  differential  equation  must  be  linearized. 

The  exponential  finite-difference  tech- 
nique was  compared  with  several  other  nu- 
merical techniques  and  with  exact  solu- 
tions (where  available)  in  application  to 
several  heat-transfer  and  flow  problems. 
The  exponential-finite-difference  solutions 
were  closer  than  the  others  to  the  exact 
solutions  in  those  problems  for  which  ex- 
act solutions  were  available. 

This  work  was  done  by  Robert  F. 
Handschuh  of  the  U.S.  Army  Aviation 
Research  and  Technology  Activity  for 
Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-89874 
[N87-24930],  Price  Code:  A07  "An 
Exponential  Finite  Difference  Technique 
for  Solving  Partial  Differential  Equations. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling 
(800)  336-4700. 
LEW-14737/TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 
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Idaho  National  Engineering  Laboratory 

Simultaneous  In-Flight  Measurement  of  Particle  Size, 
Velocity  and  Temperature  Instrument 

Consider  the  challenges  faced  by  people  who  have  to  simultaneously  measure  the  size,  velocity,  and 
temperature  of  microscopic  particles  while  they  are  "on  the  wing",  so  to  speak,  in  very  high 
temperature  flow  fields.    Scientists  at  the  Idaho  National  Engineering  Laboratory  (INEL)  have 
developed  a  successful  method  to  perform  such  measurements.   They  are  calling  their  solution  the 
Simultaneous  In-Flight  Measurement  of  Particle  Size,  Velocity,  and  Temperature  Instrument  (SIF- 
PSVT  for  short). 

SIF-PSVT  allows  a  full  characterization  of  particle  flow  fields  by  simultaneously  measuring  the 
size,  velocity,  temperature,  and  number  density  of  particles  entrained  in  high  temperature  flow 
fields.    The  technique  allows  measurement  of  particle  size  by  using  scattered  laser  light,  particle 
temperature  by  using  a  two-color  pyrometer  technique,  and  particle  velocity  by  using  a  dual 
crossed-beam  laser  doppler  velocimeter  (LDV)  technique. 

The  spatial  resolution  of  less  than  1  cu  mm  is  such  that  distribution  of  particle  size,  velocity,  and 
temperature  can  be  mapped  over  the  entire  flow  field;  with  the  data  rate  being  a  measure  of  the 
local  particle  number  density. 

SIF-PSVT  is  used  to  diagnose  the  in-flight  particle  parameters  in  a  variety  of  flow  field  situations 
such  as  high  temperature  spray  processes  for  combustion  of  liquid  and  solid  particulate  fuels. 
Diagnosis  can  also  be  made  on  thermal  spray  coatings  used  for  wear,  corrosion,  and  thermal 
protection  of  machine  parts  in  harsh  environments.    Liquid  metal  spray  formed  products  such  as 
steel  plate  or  near  net  shape  spray  castings,  the  production  of  rapidly  solidified  metallic  particles 
also  can  be  analyzed.  SIF-PSVT  can  diagnose  solid  rocket  motor  performance,  abrasive  metallic 
grinding  processes.    In  addition,  SIF-PSVT  can  detect  ablation  of  materials  in  high  temperature  gas 
streams,  and,  potentially,  diagnose  welding  processes. 

SIF-PSVT  provides  a  means  of  relating  in-flight  particle  parameters  to  spray  torch  settings, 
injection  mode,  injection  rate  and  sprayed  part  standoff  distances.    This  allows  the  optimization  in 
performance  of  a  spray  system  in  terms  of  power  consumption,  powder  feed  rate,  gas  flows,  etc. 
These  systems  include  processes  using  plasmas,  flame  sprays  using  fine  powders,  spheroidizing, 
and  other  chemical  processes  that  involve  the  introduction  of  material  in  the  form  of  fine  powders 
or  in  which  the  final  product  is  in  the  form  of  a  fine  powder,  e.g.,  the  plasma  synthesis  of  ceramics. 

SIF-PSVT  is  an  innovative  and  major  tool  for  scientists  engaged  in  particulate  flow  field  research 
and  has  a  number  of  applications  for  the  practitioner  who  uses  high  temperature  particulate  flow 
fields  to  perform  certain  strategic  tasks. 

FOR  ADDITIONAL  INFORMATION:  Contact  Jack  G.  Peterson,  Idaho  National  Engineering  Laboratory, 
P.O.  Box  1625,  Idaho  Falls,  Idaho  83415;  (208)526-2893  or  FTS  583-2893.     Refer  to 
DOE/INEL-051TN. 
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Optical  Interferometric  Micrometrology 

Resolutions  in  the  angstrom  and  subangstrom  range  are 
sought  for  atomic-scale  surface  probes. 

An  experimental  optical  micrometrologi- 
cal  system  has  been  built  to  demonstrate 
the  calibration  of  a  piezoelectric  transduc- 
er to  a  displacement  sensitivity  of  a  few 
angstroms.  The  objective  is  to  develop  a 
relatively  simple  system  that  can  produce 
and  measure  the  translation,  across  the 
surface  of  a  specimen,  of  the  stylus  in  an 
atomic-force  or  scanning  tunneling  micro- 
scope. 

Figure  1  illustrates  schematically  an 
atomic-force  microscope  and  the  interfer- 
ometer that  is  part  of  the  optical  micromet- 
rological  system.  Light  from  an  He/Ne 
laser  is  divided  by  a  cubic  beam  splitter  into 
two  parts.  One  part  falls  on  a  projection 
screen  for  visual  alignment  or  on  a  photo- 
cell for  stabilization  of  the  laser.  The  other 
part  traverses  an  optical  reference  flat 
mounted  on  a  piezoelectric  transducer 
and  is  then  focused  by  a  lens  onto  a  reflec- 
tor attached  to  the  piezoelectric  translator, 
the  behavior  of  which  is  to  be  determined. 

After  reflection,  the  beam  is  returned  to 
the  beam  splitter  and  split  again  into  two 
portions.  The  first  portion  barely  bypasses 
the  laser  and  falls  on  a  projection  screen 
behind  the  laser  where  the  fringes  gener- 
ated by  interference  with  the  portion  of  the 
beam  originally  reflected  by  the  reference 
flat  can  be  observed.  The  second  portion 
passes  through  an  aperture  and  is  detect- 
ed by  a  photodiode. 

The  laser  interferometer  measures  the 
changes  of  distance  between  the  optical 
reference  flat  and  the  reflector.  Because  of 
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Figure  1.  A  Laser  Interferometer  is  used  to  calibrate  a  piezoelectric  transducer  that  would  be 
used  in  an  atomic-force  microscope. 


Figure  2.  The  Electronic  Portion  of  the 
Calibration  System  is  made  of  commercial- 
ly available  components. 


the  interposed  lens,  the  interference  pat- 
tern intercepted  on  the  screen  behind  the 
laser  or  on  the  plane  of  the  aperture  con- 
sists of  Newton's  rings.  Changes  in  dis- 
tance can  be  determined  from  changes  in 
the  radii  of  the  rings  or,  more  accurately, 
from  changes  of  the  intensity  of  light  in  the 
rings  passing  by  the  aperture  and  detectec 
by  the  photodiode. 


Figure  2  is  a  block  diagram  of  the  elec- 
tronic portion  of  the  system.  In  normal 
operation,  the  optical-flat  piezoelectric 
transducer  is  driven  by  an  ac  signal  at  a  fre- 
quency of  5,000  Hz.  The  photodiode-out- 
put  signal  from  which  the  displacement  is 
inferred  is  detected  by  a  lock-in  amplifier, 
which  is  locked  to  the  same  reference  os- 
cillator that  controls  the  motion  of  the 
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transducer.  Differential  amplifiers  isolate 
the  relatively  high  voltage  necessary  to 
drive  the  piezoelectric  transducer  from  the 
dc  power  supply  and  lock-in  amplifier.  (A 
transformer  can  be  substituted  for  differ- 
ential amplifier  1  to  enhance  the  signal-to- 
noise  ratio.) 

In  one  test,  it  was  found  that  the  inner- 
most ring  of  the  interference  pattern 
moved  by  half  a  fringe  when  a  dc  potential 
of  300  V  was  applied  to  the  piezoelectric 


translator.  When  the  time  constant  of  the 
lock-in  emplifier  was  set  at  4  s  in  the  pres- 
ence of  an  ac  signal,  the  noise  in  the  output 
signal  corresponded  to  a  signal  of  about 
0.7  V  applied  to  the  piezoelectric  translator. 
Since  half  a  fringe  represents  a  displace- 
ment of  about  1,500  A,  this  yields  a  dis- 
placement sensitivity  of  1,500  x  (0.7/300) 
=  3.5  A. 

This  work  was  done  by  Phillip  B.  Abel  of 
Lewis  Research  Center  and  James  R. 


Lauer  of  Rensselaer  Polytechnic  Institute. 
Further  information  may  be  found  in  NASA 
TM-1 00299  [N88-23196],  Price  Code: 
A03  "Development  and  Applications  of 
Optical  Interferometric  Micrometrology  in 
the  Angstrom  and  Subangstrom  Range. " 
Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  maybe 
placed  for  an  extra  fee  by  calling 
(800)  336-4700.  LEW-14837/TN 
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Compression  Pylon  Reduces  Interference  Drag 

A  new  design  reduces  total  drag  by  4  percent. 


The  propulsion/airframe  integration  for 
a  transport  airplane  normally  employs  a 
pylon  to  attach  and  position  the  engine  be- 
neath the  wing.  The  side  of  the  fuselage, 
the  underside  of  the  wing  between  fuse- 
lage and  pylon,  the  inboard  surface  of  the 
pylon,  and  the  nacelle  of  the  jet  engine 
form  a  channel  that  influences  the  aerody- 
namic flow  under  the  wing.  The  result  is  a 
loss  in  lift  of  the  wing  as  well  as  an  increase 
in  drag  caused  by  compressibility  effects 
(wave  drag)  plus  any  associated  separa- 
tion of  the  flow  around  the  pylon. 

A  new  pylon  reduces  the  fuselage/wing/ 
pylon/nacelle-channel  compressibility  loss- 
es without  creating  additional  drag  asso- 
ciated with  other  areas  of  the  pylon.  The 
pylon  is  designed  to  compress  the  flow  be- 
neath the  wing  by  reducing  the  velocity  in 
this  channel,  thereby  reducing  the  shock- 
wave  losses  and,  in  addition,  providing  an 
increase  in  wing  lift.  The  afterbody  of  the 
pylon  extends  aft  of  the  trailing  edge  of  the 
wing  and  is  designed  to  assist  the  flow  in  its 
return  to  ambient  conditions  with  minimum 
separation.  This  additional  pylon  area  may 
also  improve  the  overall  area  distribution  of 
the  aircraft. 

Recent  wind-tunnel  tests  were  conduct- 
ed with  pylons  of  various  cross-sectional 
shapes  mounted  beneath  the  wing  of  a 
high-wing  transport  configuration.  These 
tests  were  conducted  in  the  NASA  Langley 
Research  Center  16-ft  (4.9-m)  wind  tunnel 
at  the  cruise-lift  coefficient  of  0.43  and 
mach  numbers  of  0.70  and  0.80.  Because 
earlier  investigations  have  shown  that  the 
drag  caused  by  the  wing/pylon/nacelle  in- 
stallation is  due  mainly  to  the  pylon  rather 
than  to  the  nacelle,  these  wind-tunnel  tests 
were  conducted  without  nacelles. 

The  photograph  shows  the  lower  surface 
of  the  wing  with  the  compression  pylon  in- 
stalled. By  progressively  increasing  the 
thickness  of  the  pylon  from  the  leading 
edge  to  the  trailing  edge  of  the  wing,  the 
minimum  channel  area  is  made  to  occur  at 
the  trailing  edge.  As  a  result,  nearly  sub- 
sonic velocities  are  maintained  in  this  area, 
reducing  the  compressibility  losses  asso- 


Wlth  the  Compression  Pylon,  the  minimum  cross-sectional  area  of  the  channel  occurs  at  the 
trailing  edge  of  the  wing.  Therefore,  the  velocity  of  flow  in  the  channel  Is  always  nearly  sub- 
sonic, reducing  the  compressibility  losses  associated  with  supersonic  flow.  The  flow  goes 
past  the  trailing  edge  before  returning  to  ambient  conditions,  resulting  In  no  additional  drag 
to  the  aircraft. 


ciated  with  pylon  installations. 

The  installed  drag  for  three  different 
pylon  configurations  was  determined.  A 
pylon  having  a  National  Advisory  Commit- 
tee for  Aeronautics  (NACA)  0012  airfoil 
section  was  used  as  a  baseline.  Camber- 
ing an  NACA  4412  airfoil  section  caused  a 
small  increase  in  drag,  while  contouring 
the  pylon  (so  that  the  pylon  section  followed 
the  natural  streamlines  under  the  basic 
wing  alone)  resulted  in  a  small  decrease. 
The  reduction  in  compressibility  losses 
achieved  by  the  compression  pylon,  on  the 
other  hand,  resulted  in  a  reduction  of  ap- 
proximately 4  percent  of  the  total  drag  of 
the  aircraft  model  tested 

This  work  was  done  by  James  C. 
Patterson,  Jr.,  and  John  R.  Carlson  of 
Langley  Research  Center. 
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Thermal  Stresses  in 
Space-Shuttle  Wing 

Combined  thermal 
deformations  of  wing- 
skin  panel  and  the  TPS  would 
not  tear  the  SIP  layer. 

A  report  presents  an  analysis  of  thermal 
stresses  induced  in  the  skin  panel,  the  ther- 
mal-protection system  (TPS),  and  the  strain- 
isolation  pad  (SIP)  of  the  Space  Shuttle  or- 
biter.  The  purpose  of  the  analysis  was  to 
determine  whether  any  part  of  the  above- 
mentioned  structures  would  be  overstressed 
and  overdeformed  under  the  reentry  heat- 
ing, assuming  one  TPS  tile  had  been  lost  at 
the  end  of  the  reentry  heating. 

The  wing-skin  panel,  which  is  reinforced 
by  spanwise  stringers  of  hat-shaped  cross 
section,  was  represented  with  an  equiva- 
lent plate  of  uniform  effective  thickness. 
The  temperature  distribution  in  the  wing- 
skin  panel  was  chosen  to  represent  the 
likely  cooling  effect  of  the  loss  of  one  tile  at 
the  center  of  the  panel  at  the  end  of  the 
reentry  heating.  The  temperature  of  the 
central  square-shaped  region  of  the  panel 
was  assumed  to  be  180  °  (82  °C),  while  the 
rest  of  the  panel  was  assumed  to  be  at 
320°F(160°C). 

The  first  problem  was  to  determine 
whether  the  compressive  stresses  induced 
in  the  panel  immediately  outside  the  cooled 
region  would  be  sufficient  to  cause  skin 
buckling.  The  stresses  in  the  panel  were 
calculated  by  use  of  the  NASA  structural 
analysis  (NASTRAN)  computer  program. 
The  peak  chordwise  compressive  stresses 
predicted  by  NASTRAN  were  4960  lb/in.2 


(34.2  MPa)  and  2650  lb/in.2  (18.3  MPa), 
respectively,  under  free-edge  and  fixed- 
edge  conditions.  The  critical  buckling 
stress  in  the  chordwise  direction  calcu- 
lated from  the  classical  buckling  theory 
was  361 2  lb/in.2  (24.9  MPa).  Thus,  if  the  ac- 
tual edge  condition  is  close  to  the  free- 
edge  condition,  then  the  skin  panel  imme- 
diately outside  the  cool  region  may  reach 
the  elastic  instability  in  the  chordwise  di- 
rection. 

The  next  problem  was  to  determine 
whether  the  thermal  deflection  of  the  skin 
panel  could  tear  the  SIP.  The  maximum 
chordwise  compressive  stress  in  the  skin 
panel  calculated  by  NASTRAN  could  pro- 
duce a  maximum  deflection  of  0.0246  in. 
(0.63  mm),  which  could  induce  peaktensile 
stress  of  18.14  lb/in.2  (125  kPa)  in  the  SIP. 
This  stress  level  is  considerably  less  than 
the  tensile  strength  [40  lb/in.2  (276  kPa)]  of 
the  SIP.  Thus,  the  SIP  is  unlikely  to  be  torn. 

Finally,  thermal-stress  analysis  was  per- 
formed on  the  TPS  tile  that  was  subject  to 
the  most  severe  temperature  gradient  dur- 
ing the  reentry  heating.  The  tensile  stress 
induced  in  the  TPS  was  found  to  be  much 
less  than  the  tensile  strength  of  the  TPS  tile. 
For  the  worst  case,  that  in  which  the  skin- 
panel  and  the  TPS  tile  deform  in  opposite 
directions,  the  combined  deflections  of  the 
skin  panel  and  the  TPS  tile  could  induce 


33.72  lb/in.2(232.5  kPa)tensile  stress  in  the 
SIP.  This  is  about  84  percent  of  the  tensile 
strength  of  the  SIP.  Thus,  the  combined 
deformations  of  the  TPS  tile  and  the  skin 
panel  are  unlikely  to  tear  the  SIP. 

This  work  was  done  by  William  L.  Ko  and 
Jerald  M.  Jenkins  of  Ames  Research 
Center.  Further  information  maybe  found 
in  NASA  TM-88276  [N87-23994],  Price 
Code:  A02  "Thermal  Stress  Analysis  of 
Space  Shuttle  Orbiter  Wing  Skin  Panel 
and  Thermal  Protection  System. " 

Copies  may  be  purchased  from  the 
National  Technical  Information  Service, 
Springfield,  Virginia  22161,  Telephone 
No.  (703)  487-4650.  Rush  orders  may  be 
placed  for  an  extra  fee  by  calling  (800) 
336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center.  Refer  to 
ARC-12139/TN. 

Ames  Research  Ctr. 
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